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ABSTRACT
This thesis is devoted to focussing on the influence of various learning styles and 
psychological factors on the performance of school pupils in some creative practical 
p roblem -solving tasks in chemistry which are called the M ini-Projects at the bench. 
These  projects have been selected for the research as they are believed to be capable of 
generating and developing a great deal of motivation and involvement in chemistry.
217 Pupils at Standard Grade Chemistry (age 15-16) have participated in the 
em pirical part of this research and have been selected from five secondary schools in 
the Central Region of Scotland.
D uring the period of the study, the sample o f pupils was subjected to some 
psychologica l tests in order to assign their F ie ld-D ependent/F ie ld-Independent and 
C o n v erg en t/D iv e rg en t  learning styles as well as their M otivational Patterns  or 
Preferences.
It was found throughout the research that the most effective com bination  of 
learning styles which has emerged from the interacting picture of all the psychological 
factors used in the research, are those of field-independent/divergent/curious-achiever 
styles in performing practical problem-solving in chemistry (pupil-centred) such as the 
mini-projects . On the other hand, the combination o f fie ld -dependen t/convergen t/  
conscientious-social styles could lessen achievement in the mini-projects. M oreover, 
when the mean scores were calculated for the various groups of pupils with various 
learning styles, the curious groups were found to be the best while the conscientious 
groups were found to be the worst. All these findings have been com bined to form a 
model which emerges at the end of the present thesis. The findings demonstrate that the 
f ie ld -d e p en d en t / f ie ld - in d e p en d en t  fac to r is the m ost e f fec tive  in in f luenc ing  
perfo rm ance  in the mini-projects, the motivation factor is second and finally the 
convergent/divergent factor takes the third position.
2C H A P T E R  O N E
AN INTRODUCTION OF SOME PSYCHOLOGICAL  
E L EM EN TS INVOLVED IN A P R E D IC T IV E  T H E O R Y  IN 
SCIENCE EDUCATION BASED UPON AN I N F O R M A T IO N
PROCESSING M O D E L
1.1 Introduction
D uring  his M.Sc. study111, the researcher focussed his research on a Predictive  
Theory  f o r  Science Education 2) based upon an Information Processing Model.  The 
c o m m o n  them e of the model evolved through the idea of how input information is 
s tored and processed inside the human mind and how a response to this com es into 
existence.
T h is  chapter is aimed to operate as a bridge between the researcher's previous 
w ork  (the M.Sc. study) and his present work (the Ph.D. study).
Different psychological factors related to the information processing model were 
studied in the previous research aiming to find out their effectiveness on the learning 
and teaching of chemistry at secondary and tertiary levels of chemical education.
It seemed evident that various other factors would affect subjects in their learning 
o f  science and in particular of chemistry. Practical work in chemistry will be used in 
th is  re search  as an element of chemistry science. Using the two d isc ip lines  of 
p sy c h o lo g y  and chemistry, but with a continued em phasis  upon chem istry , the 
researcher intends to make these disciplines work together, play off against each other, 
cohere, or disagree in an attempt to encourage new meanings, discover fresh signs and 
m essages for science education.
In brief, the hypotheses which the present study has evolved around were shaped
3by certain evidence which became apparent during the researcher's M.Sc. studies. The 
researcher became aware that there were some learners who. while being classified as 
less  able learners accord ing  to their  ach ievem ent in co nven tiona l  ch em is try  
examinations, could still perform to a satisfactory level in other kinds of more practical 
problem-solving tests in chemistry. Indeed, at times they displayed a greater aptitude in 
these areas than more generally able learners.
1.2 The Holding/Thinking Space (Working Memory Space) in the
EredicUve T te sx x
According to the predictive information processing model, there is a part in the 
brain where the input information is held, organised, shaped and worked upon before it 
is stored  in long-term  memory. This area is designated the w ork ing  m e m o ry  or 
holding!thinking space  or the X-space.  The functions of this area have been subjected 
to m any studies.
H olding/th inking space is a limited space*3’ in which consc iousness  exists.
( 4 )
Baddeley  (1986) defines this space as a busy area ot the brain into which selected 
sensory input comes into contact with material from long-term memory and undergoes 
a variety of processes.
Ultimately, new input information may be forgotten or be found difficult to recall 
again because it is irrelevant or linked to something which is not substantial. O ther 
input may be stored in long-term m em ory and used in further procedures. Ausubel 
( 1978)*5* refers to these later two processes as rote and m eaningfu l learn ing  
respectively. A model which may represent the thinking processes in the hum an’s mind 
is show n in figure 1.1. Such a model has been proposed at the Centre for Science 
Education/Glasgow University .
( 4 )In literature, this space is more often designated w orking  m e m o ry  , M-
4space*  ', or M -p o w e r (7). The l im ita tion  of working m em ory  space m ay be 
circum vented to some extent by using strategies e. g. schemata, tricks, techniques and 
previous knowledge to group the input into manageable clusters or chunks.
StorageStoring
Events  
O bservat ion  
Instruction
Interpreting 
Rearranging  
Comparing  
Storage  
^Preparat ion
Sometimes
Branched
Retrieving
Sometimes  
Separate  
Fragments
w o r k i n g  s p a c e
LONG TERM  
M E M O R Y
Figure 1.1 A model represents the thinking processes according to the predictive
theory.
In the previous work (the M.Sc. study)*1', subjects were d ivided into three 
ca tegories  of high, medium and low capacity  according to their ach ievem ents  in 
particular psychological tests which measured the subjects' working mem ory capacity 
(holding/thinking space).
T he  re searcher’s previous study was intended to analyse the load of any 
ch em is try  question on subjects' mental capacities, specially during conventional 
chem is try  examinations, in both secondary and tertiary levels o f education. The 
predictive model*2' suggested calculating the number of thought steps involved in any 
particular question for the least sophisticated subject. The model used a term Z-demand 
to represent the number of thought steps which is related to the size of the input load on
733^9475
5the human memory.
This assumption of the predictive model was originally related to Miller's (1956) 
( 8 )
p ro p o sa l  which has gained wide acceptance: M iller suggested that short-term 
capacity  is about 7 ± 2 chunks. A chunk is a word, letter or digit which describes a 
familiar item or unit.
It is apparent from  previous work (1) in solving chemical p roblem s that the 
subject would fail if the complexity of the task (Z-demand) exceeded his X-space. He 
or she may perform well until the demand of the question exceeded his or her X-space 
at which point a rapid and sudden decline in performance may be witnessed. The rapid 
fall in perform ance has been well substantiated in Pascual-Leone ( 1 % 9 ) (9) and 
Scardam alia  (1977)(10) studies as well as several other recent studies111,12).
Surprisingly, some subjects operated well even when the complexity  (Z-demand) 
exceeded their X-space. These were interviewed and found to have some strategies like 
schema, tricks, techniques or previous knowledge which had been em ployed enabling 
them to group the input into manageable clusters or chunks and to perform well beyond 
their independently measured X-space.
It was observed*11 that the ability of high X-space subjects to survive high 
dem and  questions seems to be the greatest, therefore, the last subject who may fail in 
the highest demand question may be assumed to belong the category o f high X-space 
subjects.
1.3 The Human Systems for Separating Relevant from Irrelevant
Information
Because working memory space is of limited capacity, it is rational to assume that 
there is a system in the brain (controlled by long-term memory) which operates as a 
filter for selecting some of the input and ignoring the rest. Presumably, things which
6are selected are deemed to be relevant, important or interesting. This system requires
some already established concept or structure which, for a first time learner, may not
• .(13) e x is t
It is found that some subjects have difficulty in separating relevant information or 
• • . ( 1 4 )s ig n a l '  from irrelevant information or noise'. For first time learners, all the 
information presented to them will seem to be important. Until they have a good grasp 
on the material and its concepts they cannot discriminate between the vital things to 
learn and the peripheral things. In the process of teaching a lot of peripheral material is 
given by the teacher, often unconsciously.
In psychology, a cognitive style is recognised called F ield-D ependence  (at one 
end) and Field-1 ndependence  (at the other end of a spectrum)*15,16). Field-dependent 
people are particularly prone to be influenced by incidental information and have 
difficulty in separating 'noise' from ’signal' in any situation. F ield-independent people 
are better at getting to the nub of a situation and ignoring the incidentals.
When this is linked to the idea of a limited working memory space an interesting 
relationship is likely to emerge. The predictive model(2> enables us to raise hypotheses 
as follows:
I - If a subject is of low working memory capacity and field-dependent his
p e r fo rm a n c e  will p ro b a b ly  be p o o r  b ec au se  h is  s c a rc e  
working m em ory  space will be cluttered with "noise" or useless 
information mixed with 'signal' or useful information. This effectively 
reduces the space available to deal with the "signal" further.
II - At the other extreme, a high working memory capacity, field-independent
subject will perform well because he has ample space for thinking which 
is a lm ost filled with 'signal' information with a re la tive ly  small 
amount of ’noise' compared to the field-dependent subject.
III - A high capacity, field-dependent subject, will perform less well than his
7field-independent high capacity opposite but will perform better than the 
field-dependent, low capacity subject.
Figure 1.2 shows the effectiveness of the same amount of irrelevant information 
noise' on the three different working memory capacities.
Irrelevant information ('noise')
in a problem
Free working space
Low Medium High
w orking memory working memory working memory
capacity capacity capacity
Figure 1.2 The influence of a same amount of 'noise' on the working memory
capacities.
1.4 T h e  Re search  Findings of  the Prev ious  Study
The outcom e of the results in the researcher’s previous study11' reveal evidence 
that the field-dependent/field-independent cognitive style does influence the attainments 
of subjects in chemistry' examinations. In each X-space category (table 1.1 and 1.2), it 
seems that field-independent subjects have the ability to obtain on average higher scores 
than field-dependent subjects in the same examination. At the same time, subjects who
8are f ie ld-dependent and of high X-space may perform better on average than field- 
dependen t,  low capacity subjects in the examinations. Also, subjects who are field- 
independent and of high X-space may perform better than field-independent low X- 
space subjects in such examinations. The largest positive changes in performance could 
be observed in moving from the attainments of field-dependent low X-space subjects to 
the attainments of field-independent high X-space subjects. (Table 1.1)
Interestingly, there is little variation in performance between high X-space, field- 
dependen t  subjects and low X-space, field-independent subjects. Such variation in 
perfo rm ance  was illustrated in Johnstone and Al-Naeme's (1 9 9 1 ) '131 work using the 
terms o f 'potential' capacity and 'usable' capacity. It could be that in a situation where 
no irrelevant information is presented a subject can perform to his full capacity, but in a 
real problem  solving situation, where 'signal' and 'noise' both exist, the subject may 
suffer a drop in performance. In other words, a high X-space, field-dependent subject 
w ould carry a relatively large amount of 'noise' compared to the low X-space, field- 
independent subject. This amount of'noise' may occupy some of the potential working 
space, leaving a reduced space for useful processing of the relevant information, the 
'signal' o f  the problem. High X-space subjects in a case like this can not fully utilise 
their capacity and are performing as if their capacity were much reduced. The overall 
ou tcom e of these results is supported by other recent studies112,17). Table 1.3 presents 
a table from one of these studies which exhibits these findings.
9Table 1.1
The overall performance for subjects of different capacities and different 
degrees of FD/FI in a chemistry examination (Al-Naeme 1989)'11
Capacity
Mean Scores %
F. D F. Int F. I
Low (N = 80) 53.2 58.3 59.3
Middle (N = 64) 56.5 58.5 63.8
High (N = 91) 57.0 64.7 65.8
Table  1.2
The overall performance for the subjects of different capacities and different 
degree of FD/FI in another chemistry examination (Al-Naeme 1989)(1)
Capacity
Mean Scores %
F. D F. Int F. I
Low (N = 77) 36.3 38.2 45.2
Middle (N = 62) 42.1 44.8 47.4
High (N = 90) 45.6 47 .0 49.1
N = Number of subjects F.Int = Field-Intermediate
10
Table 1.3
The overall performance for subjects of different capacities and different 
degree of FD/FI in a physics examination (Ziane 1990)|17)
Capacity
Mean Scores %
F. D F. Int F. I
Low (N -  86) 41.6 41.6 43.1
Middle (N = 26) 38.3 48.7 -
High (N = 37) 45.0 49.6 65.8
1.5 O p t i o n s  for the Convergent  /Divergent  Dim ens ions  o f  T h in k in g
Despite the fact that subjects who were field-dependent and of low w orking 
m em ory  capacity  had achieved rather lower perform ance results than others  in 
conventional chemistry examinations, it was mentioned at the beginning of this chapter 
that some subjects who do not do well in written examinations can sometimes do very 
well in practical problem-solving tasks, and even better than some subjects who would 
be regarded as 'more able’ on the base of conventional examinations. Therefore, some 
o ther factors must be operating in addition to capacity and field-dependence/field- 
independence.
Such observations were gleaned from teachers' opinions of the subjects  in 
schools through interviews as well as from some records of subjects achievem ents in 
chemistry  tasks.
Therefore, this study has to ask the question as to whether it could be that there
11
are o ther psychological factors apart from  the X-space and field-dependence/fie ld- 
independence which may affect the subjects’ thinking and learning procedures. Such 
suggestions demand further examination through the various disciplines of psychology, 
education and chemistry.
During research conducted in schoo ls '1', it was found that some subjects tend to 
use long and convoluted methods to reach any chemical solution. Those subjects are 
more capable than others of offering a variety of answers to each question which may 
be asked concerning their everyday life. Nevertheless, some of the subjects are able to 
show a good, efficient solution to many problems in chemistry. By contrast, some 
other subjects tend to use short and concise methods to reach the answer. Their ability 
consists of a narrowing in focus, an imaginative austerity which is quite formidable. 
These subjects may exhibit less ability in giving a variety of answers to any question 
related to their life.
A search of the literature reveals that, Getzels and Jackson (1962), and Hudson
| ] Q )
(1966) ’ have written of many studies regarding a field called C onvergen t  and
D ivergent Thinking. The subjects of this study who are classified as more capable than 
o thers  in elaborating the way to an answ er and are skillful in giving a variety of 
answ ers  to every day life questions may be called, accordingly, divergent thinkers. 
W hilst at the same time subjects who are using a single way to describe facts and are 
not so skilful in giving a variety of answers to every day life questions may be called 
convergent thinkers.
Convergent thinkers have been distinguished and defined by their com paratively 
high scores in problem s requiring one conventionally  accepted solution clearly  
obtainable from the material and the information available. They would obtain low 
scores in problems requiring the generation of several equally acceptable solutions. 
Using the reverse would define the divergent thinkers.
Divergent thinkers showed an ability to be more creative than convergent thinkers
12
(as will be examined in this study). Creativity is an ability which m ost of us are 
concerned to develop and foster. It becomes a very important objective for educators to 
see creativity being encouraged in the classroom and the laboratory. Creative thinking 
occurs  when the boundaries o f the know n are first mastered, through convergent 
processes, and then extended, by the application of divergent processes*20’.
Therefore, this study has taken into consideration the fact that it is not only the 
working memory capacity and the field-dependent/field-independent factors which may 
affect people in their way of thinking or learning but also the means by which subjects 
reach the solutions.
One of the most important aims of the study is to ascertain whether the subjects 
who are classified as field-dependent or field-independent will think in a divergent or 
convergent way in solving the chemistry problems or vice versa.
1.6 Individual 's  Mot ivat ion in Lea rn ing  Procedures
The factor of Motivation  is another psychological factor recognised as important 
to this study. An attempt was made to ascertain if this could dom inate the learning 
procedure in some way, and if it is related to the other previously studied psychological 
factors.
It would appear at present that there is only a limited amount in the literature for 
the w ork concerning motivation. The researcher intended to find som e m eans of 
determ ining how an individual's motivation affects him/her in the process of learning. 
At the same time, the researcher will seek to determine any correlation between 
motivation, field-dependence/field-independence and convergence/divergence.
The early work which has been done in this field*21’ attem pted to divide the 
subjects into four categories: the Achiever .; the Conscientious; the Curious ; and the
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Social category.
T he A chiever subject*22> seems to have a distinct preference for an expository 
m ethod of teaching and learning. He enjoys the challenge of competing with others for 
top marks and hates being held back by a teacher who has to deal with slow subjects. 
He seems to be apathetic towards any special interaction in learning.
The Conscien tious subject also seems to display a distinct preference for an 
expository method of teaching and learning. But he also wants to know in advance the 
aims and goals of the work that he will be involved in with precise instructions which 
will a llow him not to make mistakes. He will not participate in any unnecessary 
activities during exam times.
The Curious subject may be assumed to have a strong preference for discovery 
and problem-solving activities. He seems to prefer open-ended learning tasks, likes to 
follow his own practical ideas rather than rigid instructions.
Finally, the Social subject seems to be very sociable in all his activities. Even 
during his studies, he prefers to study with friends and to discuss problems together. 
He is often too involved with the external world to com m it h im self  to consistent 
studying.
1.7 Practical Problem-Solving Projects as a Chemistry Element in the
Present Study
As stated earlier in this chapter, attention was given to the performance of subjects 
in practical problem-solving in chemistry or what is called 'chemistry at the bench'. It 
was found that some subjects have a potential capability which seems to be hidden 
under normal classroom circumstances. Therefore, an aim of this study was to find a 
special activity in chem istry  for all learners which would foster, that potential 
capability.
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Accordingly , M in i-P ro jec ts '2i) were chosen to provide such experiences and
app lied  to pupils in the secondary level of education. These projects, as it was
( 2 4 )stated . were "carefully formulated and appropriate problems can generate a great 
deal of motivation and involvement for pupils of all abilities".
M ini-projects are small projects in chemistry concerning either everyday life 
technical problems or depending on previous knowledge. Most of them are open-ended 
and can possibly be used as creative tasks or as a means measuring the degree o f 
creativity of pupils.
M ini-pro jec ts  have been designed, on the other hand, to m anufac tu re  an 
interaction between trained and untrained minds*251 as an educative process. They are 
to train all types of minds of youngsters in chemistry.
Teaching, learning, manipulating, discussing, experimenting, and im proving 
skills and understanding are all happening inside classrooms which are involved in the 
mini-projects procedure.
Once again, pupils who are classified as 'weak' in chemistry will be the concent 
of this study. Following them from early work in field-dependence/field-independence, 
convergence/divergence, and motivation to the mini-projects achievements is potentially 
extremely interesting.
However, other subjects will be observed similarity in order to trace a pattern in 
an attempt to summarise the factors involved in the learning procedure in chemistry, 
using the researcher's sample in secondary schools and with a firm dependence upon 
psychology.
Ultimately, it is essential to begin this work by focusing on the literature review 
of each psychological factor independently, to comprehend the effectiveness of these 
factors  in the learning procedure of pupils in the secondary level of education. 
Additionally, some attention will be paid to the teaching strategies and the design of 
practical problem-solving in chemistry.
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CHAPTER 1M2
AN O V E R V I E W  OF VARIOUS P S Y C H O LO G IC A L  F A C T O R S  IN 
T H E IR  C O N N E C T IO N  WITH SCIENCE EDU C A TIO N  R E SEA R C H
2.1 I n t r o d u c t i o n
No discipline exists alone or provides us with self contained units of thought 
which do not connect with other disciplines. There is a fine mesh of connections 
be tw een  psychology and science education. The researcher intends to utilise the 
d isc ip line  o f psychology not as an end in itself, but as a m eans o f map-reading, 
providing a route into science education itself.
In the fo llow ing  chapter the researcher's purpose is to consider  issues of 
psycho logy  alongside the theories of science education so that points of guidance 
become markers, which future research may erase, shift into new positions or delineate 
afresh.
The researcher, in his investigations into psychology, borrowed, selected, and 
discarded extensively from the literature. Such an overview allowed an array of choices 
to be made which led to the formation of three basic and manageable groups which will 
be described  as F ie ld -D e p e n d e n t lF ie ld -1  n d e p e n d e n t  cognitive  styles, and the 
dimensions of Creativity and Motivation in the learning of science.
2.2 The Effectiveness of Field-Dependent and Field-Independent  
Cognitive Styles in Learning Procedures
In recent years, the idea of how field-dependence may be related to individual 
d iffe rences  in learning and memory' has been the popular subject o f  many studies.
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probably because it represents the confluence of two important streams of thought in 
the history of cognitive psychology.
One main subject of consideration has been the learning procedure and, implicit in 
that, how the individual processes, stores and retrieves the information. At the same 
time, consideration has been given to the issue of perception. Such concerns may be 
applied to the individual differences in learning and memory according to the field- 
independent cognitive style.
Cognitive styles can be defined125' as "dimensions of individual differences 
involving the form of cognitive functioning, with expressions in a wide array of content 
areas including perceptual, intellectual, social-interpersonal and personality-defensive 
processes".
2.2.1 What are Field-Dependent/Field-Independent Cognitive Styles?
It is fair to mention that the work of Witkin and his colleagues (1954, 1969) “ '
271 generated  a wide-spread interest and stimulated much research by others in the
( 28 )study o f field-dependent/field-independent. Witkin defines an individual who can 
readily break up’ an organised perceptual field and separate easily an item from its 
context, as a field-independent individual, whereas the individual who has difficulties 
in separating an item from its context would be defined as a field-dependent individual.
Field-dependent/field-independent factors are most commonly measured by some 
v ar ian t  o f  the E m bedded  F igures or Rod-and Fram e Tests*28, 29, Mh. f ie ld -  
independent people have the ability to overcome embedding contexts in perceptual 
functioning. This ability may give them a sense of separate identity, with internalised 
values and standards that allow them to operate with a degree of independence of the 
social field. In contrast, field-dependent people do not have the ability to overcome 
em b ed d in g  contexts  in perceptual functioning. T heir  expressions of articulated 
functioning in one area are related to expressions in other areas.
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2.2.2 The Implications of Field-Dependent/Field-Indcpendcnt  
Cognitive Styles for Learning and Memory Processes
Although there are few relevant investigations concerning the implication of field- 
dependent/field-independent cognitive styles for learning and m em ory, some studies 
sought to understand the relationship between cognitive styles and learning-m em ory 
abilities . G oodenough  (1 9 7 6 ) '31’ made an attempt to com bine the studies in his 
analysis of the relationship between the field-dependent/field-independent dimensions 
and the behaviour of individuals in the learning-memory domain. Four major areas of 
work are recognised and will be summarised as follows;
2.2.2.1 The  Effect of  Cue Salience in Concept  L ea rn in g
The main principle in concept learning is that if the individual encounters concept- 
a t ta inm ent problem s, he will try to distinguish between the ex em p la rs  and the 
nonexemplars of a class of stimuli. He will then make an attempt to form h>potheses 
about the definition of the class of concept, such hypotheses being determined by using 
a variety of techniques.
It was found '32’ that field-independent people may achieve better than field- 
dependent people in a typical concept-attainment problem, when stimuli are composed 
of a num ber of attributes. This kind of problem requires perceptual analysis of the 
stimulus complex into its attribute components.
F ield-dependent people would show an ability to adopt hypotheses about the 
concept definition which favour certain cues and would neglect the nonsalient cues in 
constructing  hypotheses. They are particularly dominated by salient cues in their 
hypothesis formation. On the contrary, field-independent people would sample more 
fully from the cues available.
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2 .22.2 T he  Approach  to Learn ing  Material
The mechanism of learning involved in any new concept is dominated by the need 
for continuity  (31) during the process of concept attainment. Each attempt adds a new 
value to what is learned. Eventually, a gradual reduction in errors would occur until the 
criterion for success is achieved. It is important to state here that im provem ent in 
performance does not happen during the process of learning until the correct hypothesis 
is discovered which may lead to the learning attainment.
Accordingly, Nebelkopf and Dreyer (1973)<33> classified two curses  in learning 
procedure in different subjects; the continuous and discontinuous learning curves.
They concluded that there are two kinds of learners; learners who have a spectator 
and d iscontinuous role and learners who have more of a participant and continuous 
role. The first category reflects people who are field-dependent in the learning process, 
while field-independent people tend to be having a participant and continuous role since 
they can show a greater structuring ability in the learning process.
2.2 .2 .3 T he Use o f  Repress ion as a De fe nce  M e ch a n i s m
In the present study, the term repression refers to the failure to recall information 
as such inform ation would produce anxiety if that information were to become 
co nsc ious .  This  study does not seek to d iscuss  repression  in its re levance to 
psychology but rather to discuss that aspect of repression which may affect the learning 
procedure.
( 2 9 )W itkin (1974j claimed that field-dependent people may use repression as a 
defence. Studies of repression show that the use of memory for stressful versus neutral 
m ateria l is m ore likely to be used by f ie ld-dependent people ra ther than field- 
independent people. In any act of perceiving, field-dependent people are more affected 
than others by stressful material. It is believed that this is due to the salient factors.
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2.2 .2 .4  T h e  Social O rien tation
What  concerns learning related to social orientation is that people who tend to be 
more  socially orientated are supposed to be field-dependent  people and may acquire 
more social information with greater ease than their field-independent counterparts.
Research in this area appears to agree that it would seem evident131’ that field- 
d ep e n d en t  people  pay more attention to the s igni f icant  social aspects of their 
environment.  They tend to acquire significant social cues and ignore others, relying on 
their relevance to the task at hand. This acquisition may aid performance or sometimes 
hinder it. In contrast,  field-independent people pay less attention to social cues unless 
their attention is specifically focused on such cues for some reason.
When  field-dependent  people encounter insufficient or ambiguous information, 
they tend to rely on the views of others more than field-independent people do. Field- 
independent people tend not to rely on others when they face ambiguous  information 
and therefore may be described as more self-sufficient than those who are field- 
dependent.
2.2.3 Field-Dependent/Field-Independent Learners and Processing lhg
Given Information
Research in this area shows’34,35’ that f ield-dependent  and field-independent  
learners differ in the cognitive processes that they employ as well as in the effectiveness 
of their performance.  It is believed that field-dependent learners exhibit  less efficient 
memory strategies than field-independent learners when they encounter a problem. TTie 
explana t ion of the poor memory of field-dependent learners is that they process 
informat ion in a rigid way which may be the result of  an inefficient response to cues 
which would facilitate their recollection of the past information.  Frank and Davis 
( 1 9 8 2 )<36> found that rigid information processing on the part of field-dependent
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learners may cause confusion in any attempt to ascertain alternative meanings of clues 
or shifts in clue strategies, thus hampering performance.
F ie ld -d epend en t  learners may en coun te r  difficult ies in recal l ing  encoded  
in format ion  unless retrieval cues are d irec tly relevant to the way in which the 
information was encoded. For field-independent  learners, this may not be the case - 
they may recall encoded information without depending directly upon relevant cues. 
Th e re levant  cues could be considered as 'bridges'*35’ to aid access to the stored 
information.
Furthermore ,  studies related to cognitive restructuring skills emphasised*15, 371
that f ield-independent  learners are more capable of cognitive restructuring skills than
field-dependent  learners. The procedure of cognitive restructuring comprises of firstly,
the abi li ty to break up the task into its basic elements,  secondly,  the abil i ty to
man ufacture  a structure from an am biguous  st imulus complex which will be the
outcome of such procedures,  and thirdly, the ability to make a different organisation of
the task than its initial structure in the stimulus complex.
Studies in memory regarding field-dependence/field-independence have shown 
(38)two important  areas that must be briefly discussed. These are short-term memory 
and free recall.
2.2.3.1 S h o r t -T e r m  M e m o ry
In an attempt to compare between field-dependence/field-independenee and short-
(39)term memory,  Berger (1977) used the digit span test and two measures of field- 
independence to find out whether there is any correlation between these variables. 'ITe 
results imply that f ield-independent learners are more capable than field-dependent 
learners in resisting the interference which would happen in short-term memory tasks. 
In general ,  field-independent  learners showed a high performance in memory tests 
involving interference than others. Thus,  the ability of this group of  learners to focus 
attent ion on relevant aspects of a situation is high, as compared to field-dependent
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2.2.4 Field-Dependent/Field-lndependent Cognitive Styles and the 
Central Computing Space ('M-Space')
Pascual -Leone (1970) '6’ stated that all cognitive processing occurs in a central 
c o m put ing  space which is labelled as the 'M-space' .  Pascual-Leone's work is based 
upon the Piaget  theory of the intellectual functioning. It would appear that Pascual-
(42
L eo n e ’s work has wide-spread relevance and thus has encouraged much research 
43, 44). Pascua l - L eone’s work,  in conjunct ion with a burgeoning of research,  has 
resulted in the Neo-Piagetain theory. Pascual-Leone believes that f ield-independent  
ability is a developmental  characteristic and learners with this ability may have at the 
same time a high M-space in which case they may be described as high M-processors.  
Bui ld ing on this, the researcher's previous work11, 13) follows many of Pascual- 
Leone 's  basic assumptions.
A decrease in field-dependence with an increase of age (up to the age of 16) 
o c c u r s 16, 431 due to the de\  elopmental  changes in the M-space of any individual as 
well as some other development  changes in the conceptual knowledge or processes 
coordinated in the M-space.
Stated in the previous chapter, the M-space has been given many different names 
such as X - s p a c e ' 1’ or working m e m o ry 14’. However ,  it was fo u n d '4*’’ that the 
pe rformance of field-dependent learners revealed a poorer level of performance than 
f ie ld- independent  learners when the burden of tasks w-as increased on the working 
memory.
Also,  the Neo-Piagetain theory has drawn'44’ conclusions about a disembedding 
si tuat ion showing that any learner would need a relatively large amount  of central 
c o m p u t i n g  space for use in the process of genera ting a conceptual  response .  
Accordingly ,  f ield-dependent learners would exhibit  a poor performance in such a 
situation since they do not use or have available for use sufficient central comput ing 
space.
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2.2.5 F ie ld -D ependent In d iv id u a ls  in a P ro b lem -S o lv in g  S itu a t io n
While  it has been emphasised in many parts of the present chapter that field- 
dependent  learners have a less efficient memory than field-independent learners and 
therefore  f ield-dependent  learners may display a low performance in many tasks 
because of their small M-space', there is as yet one pertinent aspect which has not yet 
been discussed concerning the ability of these two categories of learners in a problem 
solving situation.
In a problem-solving situation, the learner may encounter a problem which is not
familiar to him, especially, if this problem is an open-ended one. Learners could face
such a situation in a school laboratory, in the classroom, or even in the outside world
manifesting itself as an every day problem.
In literature,  a considerable amount  of research has been subjected to the
co m p ar i so n  between f ield-dependent  and field-independent  learners on var ious
occas ions . In spite of this, there has almost been no analysis of the nature of these
learners facing problem-solving situations.
(37)However ,  it was found that field-independent learners would be more likely 
(than field-dependent learners) to exhibit  a good performance in problem solving 
situations when the solution depends on using an object in an unfamiliar way. When 
previously useful cues become irrelevant in the current concept formation task, the
p e r fo rm a n c e  of f ie ld-dependent  learners suffers more than field ind ependent
, (45, 46)l e a r n e r s
Therefore, it is possible to look at this assumption as an access to the next section 
of this chapter in which the researcher will discuss other psychological factors such as 
Convergence  and Divergence.
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2.3 Convergent. Divergent Intellectual Styles and the Enhancement of  
Creativity in Science Education
In the 1960's, educators were alerted to the attitudes of learners towards subjects 
chosen during the secondary level of education. It became apparent that some learners 
preferred to do science subjects, whilst others were motivated to do arts subjects.
Based upon Getzels and Jackson's (1962)<18) work, Hudson (1966, 1970)*19’
47) found that learners who excelled in science tended to have an interest in technical 
hobbies  and outdoor activities, whilst learners who were better in art subjects had
cultural interests like music, drama, and poetry.
(IS)Ge tze ls  and Jackson (1962) formulated a distinction between the two 
categories of learners; the first category was called the 'High IQ' learners who are good 
at intelligence test in terms of scores, but relatively weak on tests of 'creativity'. The 
second category was called the 'High Creative'  learners who are good at the creativity' 
tests but scored relatively low' in intelligence tests.
In a comparative study between scientists and arts-orientated learners in the I.Q.
(19)Test ,  Hudson (1966) observed that scientists performed better than their arts- 
or ientated colleagues in the I.Q. Test. His conclusions were that the science subjects 
generated problems which tended overwhelmingly towards one correct solution; whilst 
the arts subjects frequently encouraged learners to discuss and manipulate ideas, with a 
v iew to developing original responses. Furthermore,  the science subjects had a bias 
towards  numerical and diagrammatic questions. On the other hand, the arts subjects are 
almost completely verbally biased.
2.3.1 C onvergent and D ivergent S ty les  o f  Thinking
"Convergent thinkers have been defined and distinguished by their comparatively 
high scores  in problems requiring one convent ional ly  accepted solution clearly 
obtainable from the information available (as in intelligence tests), whilst at the same
25
time obtaining low scores in problems requiring the generation of several equally 
acceptable solutions (typified in divergent  thinking test). The reverse ar rangement
(48)def ines divergent thinkers"
The convergent/divergent thinking style refers to the tendency of some learners to 
depend upon a mode of thinking which leads to logical conclus ions  and uniquely 
correct  or conventionally accepted solutions, while other learners tend to depend upon 
thinking which leads to a variety and quantity of output.
(47)In the classroom, the application of this may be found in training learners. 
Teachers habitually teach science students to focus their thinking onto the answer; thev 
must  converge their thought-processes towards the one correct solution. In contrast,  
teachers w'ould encourage arts students to use versatile thinking, to search for a variety 
of responses: they must therefore diverge their thought-processes.
In brief, several ideas or facts would be recalled, manipulated and formulated to 
reach an answer in terms of convergent thinking. These ideas are ordered in such a way 
as to converge towards the one correct answer.
While,  in terms of divergent thinking, ideas or facts would be speculated upon, 
bra ins tormed,  and fashioned into new inventive possibilities.  Such th inking is 
characterised by not having enough information to produce only one acceptable answer.
(49)
These ideas would branch out into a multitude ot reasonable answers
2.3.2 H udson’s Divisions of Learners into Convergent and Divergent
(19)Hudson (1966) d ivided his school sample of boys (on the basis ot open- 
ended tests and IQ tests) into the divergers (30%), who are substantially better at the 
open-ended tests, and the convergers (30%), who are substantially better at the IQ 
tests, whilst there were also what can be termed the all-rounders (40%), who are more 
or less equally good (or bad) at both kinds of test.
The sample was then subdivided into; extreme convergers (10%);  moderate
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conv erger s  (20%); al l-rounders (40%); moderate divergers  (20%); and ext reme 
divergers (10%). However,  Hudson neglected the all-rounders group from the study to 
obtain two contrasting groups which would facilitate his study.
Hudson has emphasised that the convergence/divergence dimension is a measure 
of  bias, not of level of ability, since it is possible for a converger to obtain a higher 
open-ended score than a diverger by having a quite exceptionally high IQ score, or 
because of the diverger's IQ may be exceptionally low.
The results showed that most arts specialists displayed a poor performance during 
IQ tests but were much better at open-ended tests; whilst scientists proved to be the 
reverse.  It would appear that arts specialists were on the whole divergers ,  w-hile 
physical scientists were convergers.
The teacher may play a most important role in shaping the style of  thinking 
adopted.  When children go to school for the first time; their beliefs, languages and 
attitudes have been primarily learned from the adults around them. In teaching subjects, 
teachers express the manner of thinking which they think is most useful, al though not 
necessarily most appropriate for success in that particular subject. Therefore,  to take 
chemistry as an example, the learner w ill be taught not only the facts of the subject, but 
also a convergent way of thinking which, to a great extent, will be imposed upon on 
him.
The teacher may encourage learners to recognise that there can be only one correct 
answer  to many chemistry problems although this argument may prove sterile in some 
cases  when it is possible to employ more than one solution. The convergent  may,  
encounter difficulties when he tries to utilise unconventional methods.
(19}
Hudson suggests that learners have already chosen a manner  ot thinking to 
employ whilst at school and, if left to themselves, they will choose a subject in which 
they are particularly strong, perhaps one in which they find a congenial thinking mode.
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2.3.3 V ar ious  T a x o n o m ies  o f T hink ing
Educators are concerned with the fact that there are many levels of thinking which
learners might use in executing any task. Learners must not only recall the material,  but
also understand it and be able to work with it.
(49)Pavel ich (1982) has exhibited three taxonomies  shown in table 2.1 which 
may be needed when the student encounters questions which require different kinds of 
thinking.
Table 2.1
Pavelich presentation of Taxonomies
B lsssei
1. Cognitive memory (recall)
2. Convergent  Thinking
3. Divergent Thinking
4. Evaluative Thinking
E M m
1. Knowledge
2. Comprehension
3. Application
4. Analysis
5. Synthesis
6. Evaluation
6. Evaluation?
Piaget
Concrete 
Formal or Concrete
Formal or Concrete 
Formal or Concrete
In the table above,  there are three kinds of taxonomies  presented by Blosser 
(1 97 3,  1 9 7 5 )(:?0, 51 \  Bloom ( 1956)(52) and Piaget  (by G insbe rg  and Opper.  
1 9 6 9 ) <53’.
In the first column, Blosser has given four types of thinking, the first type relates 
to what is called 'cognitive-memory'  using thoughts which may be recalled and used at 
a eiven time. The second type is of particular relevance to the present  study as is the
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third type of thinking, it involves the convergence of ideas to achieve the correct answer 
(convergent  thinking),  or the branching out of ideas towards  a large nu m ber  of 
reasonable answers (divergent thinking). The fourth type of thinking is similar to the 
third one; it needs several answers too but in evaluative thinking one must choose from
a range of possibilities as well as justifying one's choices.
149 )In the second column,  Pavelich has reported similarities between Blosser's 
and Bloom's taxonomies '52’. But Bloom's taxonomy emphasises  almost exclusively,  
aspects of  convergent thinking. Therefore,  Bloom has not defined well the divergent  
and evaluative types of thinking, by giving only what he labelled evaluative thinking. 
Blosser's taxonomy, on the other hand, emphasises the important aspects of divergent 
and evaluative types of thinking which he refers to as the open-ended thinking.
In the last column, Piaget presented'53’ two kinds of ideas concerning the age of
college students. These consist of a concrete content w hich includes what is observable
as qualitative, or involves one-to-one correspondence,  and a formal content  which
includes functional relationships or combinatorial correspondence (Intellectual Stages of
(49)Development).  Pavelich has stated that Piaget's theory clarified the issue when he 
s t a ted '54’ that many college students may not be able to reason with formal content  
since they have not yet developed mentally to an extent which will al low them to 
understand the formal content. Thus,  many college students would reason only with 
concrete or early formal content.
To conclude,  Pavelich described the combinat ion of P iage t ’s and Blosser 's  
taxonomies  as the best means of advancing the teaching of chemistry.  He stated "In 
terms of these two, the goals of a course are to use the study of chemis t ry  to (1) 
enhance the convergent,  divergent, and evaluative thinking of the students,  and (2) to 
deepen their abilities to reason with formal content. In practice these are complementary 
goals".
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2.3.4 T iie  E ffectiven ess  o f  C reativ ity  in S c ien ce  E d u ca t io n
One of the most important findings in research which has been conducted in the 
discipline of thinking is the existence of a significant relationship between tiie divergent 
test scores with the creative variables and interests'551.
2.3.4.1 W h a t  is C reativ ity?
There is a considerable emphasis in instructional theories indicating that learners 
must find their own ways of formulating hypotheses and generalisations which would 
allow them to finish each unit of study with a genuine feeling of  having created and 
discovered ideas for their own benefit.
Teachers must  foster the ability to discover and inquire in learners of science. 
Such ability should develop and enhance a habit of creative activity which eventually 
emerges as another human skill. Sadly, this has rarely been an expectation common to 
the classroom - there seems to be little emphasis on creative teaching.
'Creativity'  may be defined as "the ability to combine ideas, things, techniques, 
or approaches in a new way"t56>. Therefore, in learning for instance, if the learner has 
invented a technique which he has not been trained to use or read about,  even though 
others may have previously used it or even found it in literature, a technique like this 
would be considered 'creativity'.
Relying on Talyor ' s  (1963) '571 work on the process of  creat ivi ty,  Romey 
( 1 9 7 0 j l56) has reported four stages of the creative process. Such stages would be 
involved in any problem;
"1. A period of mental labor and deep involvement  in a problem;  This 
may involve a seemingly fruitless struggle with some aspects of an 
out-of-the-way part of the problem.
2. An incubat ion period; The idea is dropped for a whi le to see if 
anything will hatch.
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3. A period of illumination: The ’Ah-ha!’ period.
4. A period of elaboration and refinement of an idea.”
2.3.4.2 W hv is C reativ ity  Im portant?
Almost  all the literature points out that creativity has solicited a great deal of
concern  within science curricula and in learning and teaching strategies. It has been
(58)emphasised that the creativity process is not a static aspect of any individual but is 
an intellectual characteristic that could be stimulated, nurtured and trained.
Therefore, creativity may be considered to be important since:
* in science, it is considered to be a fundamental process and may at present 
be treated as a prime feature in designing science curricula.
* in problem-solving matters,  creativity represents the most important
element  that may be employed by learners. It is in the central core of 
problem-solving objectives.
* at times it is required in some practices in science.
* it must be inculcated in all its forms continuously, otherwise it will not
develop.
2.3.4.3 H ow to M easu re  the C reativity
Various tests have been set up to measure the development of creative thinking in
(18)learners.  As stated earlier in this chapter, Getzels and Jackson (1962) , Hudson
( 19)(1966) and many others have used what are called ’open-ended tests’ to measure 
the 'creativity' of learners (divergent thinking ability).
Although the idea of what constitutes an 'open-ended test' does  not differ greatly 
from one research project to the next, concern1601 surrounds these tests and there is 
some difference in opinion concerning the criteria they use and their validity. However,
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Guil ford and Merri fied ( I960) '61’ used the following tests to measure the creativity of 
learners:
I - The Apparatus Test: to determine what may be improved in the general
use of apparatus (e.g. chemistry discipline).
II - Seeing Problems: learners proposals of problems in connection with
common  objects.
I I I  - Match Problems: making different patterns of matches  that can be
removed to leave a specific number of squares.
IV - Topics If: writing as many as possible ideas about a given topic.
V - Brick Uses: inventing various uses for a brick.
VI - Al ternative Uses: writing di fferent  unfamil iar  uses for common
objects.
V I I  - Gestalt  Transformation: learners must list which of five mentioned 
objects has a part that will serve a particular purpose.
M i l  - Object S vnthesis: learners must name an object that could be made from 
a combination of two specific objects.
Generally,  the scoring of these tests would depend upon the number of acceptable 
responses which the individual gives.
2.3.4.4 S o m e W avs in which 'Creativity' can be Used
During the literature discussion of this chapter,  it was stated that learners may 
create  some unfamil iar  usage of ideas in a way which leads to a new working 
combinat ion.  However ,  Lucas ( 1CU1) '621 summarised some ways in which creativity 
can be used;
I - To make any change whatsoever.
II To generate new ideas from the usual pattern of thought.
I l l  - To produce new ideas or concepts about the discipline or the individual’s
IV - To produce a new formulation or meaningful pattern (for the individual).
V - To enrich the procedure of scientific investigation.
2.3.4.5 T h e  V ital CQmDQngnt^..aLLr.sativitx
Creativity as a style of thinking is made up of two major components.  These are
(59)usefulness  (or utility) and originality . Both of these properties must be found in 
anything one considers to be creative.
Originality, on the other hand, could be defined as;
"I - New concepts.
II N ew combination of concepts.
III  - Standard application of new concepts.
IV - New application of old concepts.
V - Standard application of old concept."
Creativ ity  also needs the immediate applicabil i ty and usefulness of ideas,
otherwise these ideas will be rejected by learners. Therefore, the intellectual risk-taking
which is involved in true problem-solving may not be exercised.
I ^ 9 )Garret t  (1989) ~ has combined utility and originality by drawing a diagram 
betwe en  them as shown in Figure 2.1. A positive correlat ion between the axes 
(originality versus utility) indicates the existence of creativity in a task. The degree of 
crea t iv ity w'ould be obtainable from the degree of posit ive correlat ion  between 
oricinalitv and utility.
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Originality
Creativity
4
5
Limited Wide Universal
Utility
F ig u r e  2.1 Garrett relationship between originality, utility and creativity.
2.3.4.6 C i i a i ' tve T h i n k i n g  and Problem-Solving
A move  towards  enhancing creative thinking in problem-solving situations 
occ urre d163’ in the 1 % 0 ’s. The change of methods in science teaching moved towards 
some emphases on creativity and therefore stimulated a need for open-ended laboratory 
activit ies proving them as essential, during which learners would be involved in a 
problem-solving situation. It is believed that a problem-solving situation could provide 
the best opportunity for learners to develop their creative thinking.
To enhance creative thinking in the laboratory, a problem would be given to the 
learner for which he or she has not yet learned a method of reaching a solution, or the 
problem itself should not have yet been identified by the learner. It is assumed that 
prob lem  situations like this would encourage the development  of skills which are 
considered to be creative and original. F.ncouragement for this kind of laboratory
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activi ty may be found in several studies'59, 60, 64'68). Further details about open- 
ended tasks and a problem-solving approach will be elaborated later in chapter three.
2.3.5 The Interaction between Students' and Teachers' 
Convergent/Divergent Thinking Styles and P ersonalities
Students are thought to have criteria by which their teachers could be ranked as 
co nve rg en t  or d ivergent  thinkers. However,  these criteria may coincide with the 
teachers '  est imates  of themselves and of each other. One the other hand, teachers'  
identification of particular students as convergent or divergent thinkers would coincide 
too with the students'  estimates of themselves and of each other. These ideas are found 
in Joyce  and Hudson 's  (1968) study'69’, and suggest that teachers  and students 
probably  do recognise personal qualities easily and consistently in themselves and in 
each other.
A further concern may be expected concerning the effectiveness of the teaching of 
convergent  students by convergent teachers, and the teaching of divergent students by 
divergent  teachers. It was found that students who had low convergence scores or high 
diverge nce  scores tended to do poorly in examinations,  if they were taught bv 
convergent teachers. These students were found to perform significantly better in some 
examinations than in others if they were taught by divergent teachers.
Joyce and Hudson ( 1968)'69’ stated that "It does not always seem to be true that 
like learns best from like : that convergent students learn best from convergent teachers, 
and similarly, for the divergers".
It seems beyond prediction'70’ what effect a teacher's thinking style will have 
upon his students until his interaction with them has been studied once at least. The 
nature of the interaction should be consistent from one year to next and in some 
ci rcumstances may be stable over a longer time.
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2.3.6 What Sort of Thinking is Important to Enhance in the
Classroom?
Th e answer to this question will simply be that every kind of thinking style 
should be encouraged by placing the student in a situation where he/she can and must 
do such thinking. Convergent,  divergent and evaluative thinking could be enhanced171' 
if firstly, the teacher’s questions are properly structured, that is to enable students to 
give divergent  and evaluative responses. Secondly,  the students should be properly 
st imulated by the kind of questions teachers asked to allow students to give convergent 
responses.  In general, students learn to respond in ways that are directly related to the 
kind of  questions which teachers ask and to the things they are rew arded for.
Additionally,  creative thinking would remain the most important outcome of 
th inking styles. It should flourish in the classroom as in the laboratory,  since it 
represents the very essence of science. Teachers may play a crucial role in enhancing 
creat iv i ty  in classrooms.  Penick (1990)169’ has given several pieces of advice to 
teachers in how creativity could be healthily grow n in classrooms:
I - Teachers must provide time, materials for and an expectation of creative
work. They must carefully and consistently structure the classroom to 
maximise opportunities for creative thinking.
II - Teachers must ask questions which seek opinions and points of view. If
the teacher wishes to stimulate students'  involvement and creativity, he 
must never ask a question that he already knows a definitive answer to, 
for which he requires no more than a Yes/No answer, and which requires 
little more titan recall..
III - Teachers must wait for responses after having given a question. They
must not pressurize students to rush into making hasty judgements .  
Rather, students must be given time for observation,  contemplat ion,  
response and reflection. Moreover,  teachers must wait for and encourage
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multiple responses.
IV - When  teachers obtain unusual  ideas, quest ions,  or products  from
students,  they must accept that as a concomitant  part of creativity.  
However,  teachers must not give judgement  in these cases but only 
acknowledge any answer or idea and hopefully ask for some development 
of any idea or response.
V - Teachers must ask students to examine any assumed case as well as its
consequences.  For example, if what you have said is true, why..'? What  
may have caused that and what will be its result?
VI - Teachers must allow students an opportunity to structure their activities
and make decisions concerning those activities.
VII  Te achcrs can build a model for creative thinking in the classroom by 
asking questions themselves, expressing curiosity and allowing room for 
stimulation.
In brief, the procedure of creative teaching in the classroom can operate at three
i i ( ^  6 )levels  :
"I - The teacher must be combining ideas so that they are in tune with mental 
processes going on among the students.
II - The student must be responding to the teacher’s stimuli by combining and
recombining their own and the teacher's ideas in various ways, searching 
for meaningful conceptual relationships.
I I I  - The teacher  must be receiving the student's ideas, evaluat ing them,
recombining them in yet other new ways, accepting them, shaping them, 
and throw ing them back to the students for further elaboration."
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2.3.7 Creativ ity  and the Shape o f  Science E ducation
If educators seek to promote creativity in science education, they ought  to modify 
the shape of science education in order to encourage students toward creativity.  
Therefore,  a number of suggestions may allow this1731:
I - Science education must move from mere memorisation in the realisation
that memorisat ion must be accompanied by understanding through 
problem-solving, like open-ended problems or scientific problems which 
have more than one unique correct answer. Although the type of  problem 
that is found so often in textbooks requires one unique answer which is 
not always characteristic of the way science actually works  in practice. 
There are also many problems which may arise in the course of searching 
for new knowledge which is open-ended and not amenable to a closed 
answer.  Therefore,  open book examinat ion is an ideal means  of  
approaching creative problem solving which is at the same time a means 
of reducing rote learning and sterile memorisation.
II - Experimental  methods should be encouraged in science teaching.  This
suggestion would be valid if educators believe that knowledge is not 
closed and therefore new ways  of acquiring knowledge  may be 
demonstrated to the students.
III - A suggestion may be made concerning the content of science education,
the syllabi, the thesis topics, or the list of 'prescribed' courses. All these 
elements could be considered to be of secondary importance  when 
compared to the training in research methods and the development  of 
attitudes to science. ITie science curriculum should therefore become more 
flexible, without losing its need to have a core of required content . ,64\
This type of curriculum would be beneficial in giving students a higher 
degree of autonomy within the curriculum. The shift into a more flexible
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programme would develop better scientific methods in students than a 
syllabus-bound programe which dictates limits for studying science.
IV - Another  suggestion concerns personal traits such as motivation.  It is
believed that being creative means being unconventional,  nonconformist,  
living one step ahead of one’s time. As children grow up and may move 
towards creating something novel may often mean unfortunately that one 
encounters indifference, incredulity and somet imes even hostility from 
society and from colleagues within the scientific community. Accordingly, 
creative people must have very strong internal motivations enabling them 
to be involved in scientific activities which any system of local education 
should not deter, but rather assist and reinforce such inner motivations in 
students. However, the concept of motivation w ill be discussed in greater 
length later in this chapter.
V - Regarding the practice of creative science it can involve learners of any
age and it is essential to involve perseverance,  skill and consistency in
carrying out a project  from the point of  concept ion to the final 
implementation of it.
In conclusion, science itself must be viewed afresh as a novel and creative human 
activity in order to allow creativity to be more effectively converted into achievements 
and accompl ishments.  This view would allow some first steps towards the restructing 
of science education and would allow us to do justice to science education as a field 
which enhances and fosters creativity.
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2.4 A Review of Students' Motivational Traits and Preferences in
Science Education
Attempts have been made in the past to match science curricular structure with the 
learner ' s developmental  readiness,  intellectual ability and cogni tive styles. But not 
many attempts were found involving the motivational characteristics of learners in the 
learning of science.  Ausubel  et al. (1978) '5' reported "this es t imate  of  relative 
impor tance is only an expression of difference in degree. Mot ivat ional  (and other) 
characteristics are sufficiently important in school learning to engage our most serious 
consideration if we wish to maximise .... classroom learning".
However ,  some research in literature found '74, 75) that s tudents ’ mot ivation 
could be enhanced towards learning in the context of school science education.  Thus,  
some issues concerning motivation will be briefly discussed in the remainder  of  this 
chapter.
2.4.1 Areas for Motivation in the Subject Matter and Pedagogy of
Science
Educators seemed to focus on two areas related to motivation; the subject matter
(74)and the pedagogy. They believed that students'  motivation could be enhanced by 
studying and promoting such areas.
2.4.1.1 The Subject M atter  and M otivation
In this area, some suggestions were made concerning the nature,  structure and
(75)presentation of the subject matter. It was found that the subject mat ter seem to be 
'remote'  from learners. Therefore,  a suggestion was made arguing that subject  matter 
should be presented in different ways which would enable learners to see it as more 
beneficial and relevant. Eventually, this would create a significant relation between the
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leaner  and the subject matter in which he/she would feel anxious  to attend science 
lessons.
Severa l  other suggest ions*76 78) were made seeking a connect ion  between 
science education projects and real life problems (applications and uses) to establish the 
relevance and the nature of science.
2.4.1.2 T i i f  P ed a g o g y  and M otivation
As a general principle,  science teachers try to stimulate and motivate learners
towards science subjects. If this is true, teachers must use st imulating and motivating
teaching strategies,  otherwise,  they may not manage to achieve such objectives.  
(74)Teachers must direct their pedagogical interventions and activities at learners to gain
a direct bearing on learners’ motivation.
It is worth ment ioning that although the orientation, nature and structuring of the
subject matter will primarily affect learners'  interest towards any science course, the
instructional procedures and learning environments which could be established by the
pedagog y,  would be more ef fective on learners'  mot ivation in the teaching of 
(79)sc i ence
2.4.2 T he In structiona l P roced ure  Concept
Orbach (1979)<H0' found that students of varying motivational orientations would
respond differently to diverse instructional procedures. To approach an understanding
of  what  the different instructional procedures are, one must inevi tably discuss the
interactions between teachers and learners which depend upon both the nature of their
(81)discussions and the activities in which they are involved
Building on this, several d imensions of different instructional procedures  could
i j ■ • , ,(82)be dist inguished :
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I - The mode of knowledge acquisition which involves the discovery learning
procedure or expository teaching.
II - The nature of learning experience which involves the theoretical or
experimental learning experience.
III - The control of learning activities which may be determined by the teacher
or by the learner himself.
IV - The control of learning outcomes which may again be determined by
either the teacher or the learner.
(8V - The working ar rangements  ' which involve working individually or 
working in a group to exchange learning, knowledge and skills.
VI - The evaluation of learners'  achievement,  which would involve regular 
assessment by teachers or involve a preference for instructional situations 
in which learners can express their disl ike towards  being tested or 
assessed.
2.4.3 S tudents'  D ifferent M otivational P attern s  and Preferences
As stated earlier, motivational qualities of any instructional procedure were found 
to effect substantially the function of such a procedure.
However,  students' different motivational patterns, interests and preferences were 
also found to play a very important  role in the procedures of learning and of 
teach ing121’. If there is an interaction between teaching techniques and the students'
motivational patterns, a greater degree of learning may be accepted as occurring.
( 84 )It is bel ieved that  when students are con fronted  with new learning 
experiences,  they meet them with different interests, values and motivations. Students 
differ according to their preferences for and responsiveness to different instructional 
features .  Regardless o f  the actual context of  learning,  it is f o u n d '211 that the 
mot ivational  patterns and preferences stay relatively stable in individual students. In 
other words,  these different motivational patterns and preferences can be aggregated
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into clusters and therefore a study of them would be possible.
Adar  (1969) '21’ proposed four major types of need or desire as providing a basis 
for mot ivation to learn. They are; need to achieve, need to satisfy one's curiosity, need 
to discharge a duty, and need to affiliate with other people.
2 4.3.1 T he A ch iev er  Student
In an attempt to study this motivational pattern of students and other patterns, the 
researcher  suggests a review of what was predicted, what was suggested in literature 
concerning  these issues and to highlight the main analyses.  Thus,  the character of 
achiever students could be presented and summarised in the following ways:
I - Achiever students'  preferences for discovery and for pursuing their own
(8enquiry seem to be very high * and it could increase with the growth of 
students' achievement  in such tasks.
( 8 5 )II - Although, achiever students have a definite preference for competitive
learning environments,  they tend to avoid activities which may involve
| |
more than a moderate risk . It was suggested that these students select 
easy or intermediate tasks to begin w ith, but choose tasks of progressively
(87 88)higher difficulty whenever they experience success ’ . It is worth
mentioning here that tendencies to operate in competitive situations could
lead to enhanced*86’ learning outcomes.
(89)I I I  - It is believed that there is a subtype of achiever student who tends to
avoid failure with greater assiduity than they seek success. This subtype 
of achiever does not like to be involved in competition with others for the 
best performance in case of any failure. Thus, they feel uncomfortable in 
facing achievement-oriented situations.
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2.4 .3 .2  I h e  C o n sc ien t io u s  S tu dent
This  type of student has been subjected to several studies. Some predictions and 
suggestions of this motivational pattern are summarised in the following:
I - One of the most distinctive characteristics of conscientious students is that
they are more teacher-dependent ~ than students in other motivational 
patterns. Therefore, they prefer a teacher controlled approach to learning 
which well structured, well ordered learning tasks. They can show a clear 
preference for formal modes of teaching, with precise instructions to be 
followed. Moreover, conscientious students would like every achievement 
and progress to be supervised by their teachers.
II - Conscientious students seem to accept the idea of discovery learning
provided that this kind of learning is l inked to clear instructions and
objectives '80, 90). Furthermore, they can show a preference toward tasks 
w'hich require a considerable amount of effort, such as learning by heart, 
summaris ing information and solving routine problems or extracting 
information from given texts'861.
( )I I I  Con scientious students regard the need to study and learn as duties
therefore failure for them would cause feelings of fear and guilt. They do
not require any sort of external stimulation to fulfill their obligations.
IV - A further apparent preference of these students is for group learning
(8^ )activities ' . Conscientious students seem to accept this as a means of 
gaining feedback and advantage for their own progress.
2.4 .3 .3  T he C urious Student
(91)Curios i ty is considered as a cognitive scientific attitude . However,  it is 
another students motivational pattern which is summarised as follows:
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I - One of  the most distinctive preferences of curious students is their liking
(83)for d iscovery learning strategies . Practical work or problem-solving 
activities are seen as favourable to this pattern provided they are not 
associated with precise instructions. Thus, curious students may be seen 
at t imes as in opposition to non-experimental work and prefer open-ended 
tasks.
II - These s tudents dislike formal teaching in which no practical activity,
novel ty,  or discovery through one's own enquiry  may be found.
However ,  if the classroom situation presented complexi ty and novelty
( 86)they would be motivated ‘ as that induces them to engage in exploratory 
learning.
I l l  - A further characteristic of these students could be drawn from their
general propensity towards open-ended learning. Curious students appear
will ing to engage in a higher degree of risk-taking in their learning
( 8 8 )compared to others because they seem to have a high failure tolerance
To summarise this pattern amongst curious students, Kempa and Martin Diaz 
(83)(1990) stated "these observations, taken together, point to curious students having 
a preference for being actively involved in learning activities that require them to 
discover,  to seek information and to make decisions. They evidently do not like to be 
simple 'receptors'  of information which places them in the role of passive learners".
2.4 .3 .4  T h e  Social S tudents
The most  important  motivational features of social students is their tendency 
towards seeking affiliation. The following is a summarise of of their characteristics:
I - The general motivational characteristic of social students is their need to 
affiliate'74* with others and therefore their preference for involvement in
(84 90)group work. They dislike being involved in individualised tasks 
In general ,  social students'  mot ivation increases  when personal
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relationships are incorporated into the learning/teaching process.
II - Social students often fear rejection in personal re la t ionships '80* and 
therefore they tend to avoid relationships which would bring about  
uncomfortable feelings.
III - These students prefer learning in non-compet it ive e nv i ro nm en ts 1831.
Regular testing signals such a competit ive environment  to the social 
student which is not conducive to their progress.
IV - Social students are very self-confident as to their success in the world of
personal relationships. Also, they like to be involved in group work.  
Thus,  the procedure of discovery learning suits them since it can be 
organised in the form of group work.
V - It was suggested that social students prefer a friendly and informal
j j
atmosphere in classrooms . They would like to have opportuni ties to 
show their initiative and pursue their own enquiry. Dividing students'  
motivational patterns and preferences into four categories does not  mean 
that:
* there are definitely four motivational patterns only, nor it does  mean that 
all work in this area fitted students into the same categories as the present 
study. However,  several studies used more or less than four motivational 
categories as well as a different nomenclature, depending on the objective 
of any particular study. For example,  students' motivational patterns have 
been divided into the categories of success, social, dependent,  alienated 
and phantom students in Good and Power (1976)'901.
* a student will have only one type of motivation. The motivation of some
students results from the co-existence  of different k inds  of need;
therefore, a curious student can be social as well, and a social student can
(86)be an achiever,  and so on . In other words, some students exhibi t
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mixed motivational patterns in which elements of one pattern can mix or
develop with those of another.  However,  Kempa and Mar t in  Diaz  
(83)(1990) found a high proportion of the total students' sample could be 
fairly clearly assigned to one of the four motivational patterns.
2.4.4 The Relationship between Different Instructional Procedures and  
Students' Motivational Characteristics
Previous research in science education placed emphasis on the importance of the
,92)power  of  different instructional procedures. Recently, attention has shifted onto the 
interaction between the motivating quality of instructional procedures and students'  
motivational patterns.
In the light of this notion, it will be convenient  to study the most  s ignificant 
instructional procedures which associate science teaching and learning with students'  
motivational patterns. These are discovery learning and problem-solving activities,  
open-ended learning activity, formal teaching with an emphasis on information and skill 
transfer and collaborative learning activity'74’.
2.4.4.1 D iscovery  L earn in g  and P ro b lem -S o lv in g  A c t iv it ie s
The difference that should be reported between discovery learning and open- 
ended learning is that the latter needs an enquiry-oriented ins truct ional  st rategy 
(discovery learning strategy) to be employed; whilst discovery learning does  not require 
the open-ended strategy as it can work even when learning objectives and goals are 
fixed in advance.
Based upon Adar's (1969) work121’, discovery learning and problem-so lv ing 
activit ies are practical orientations which are both designed for involvement  both in
(93l
laboratory work or in some circumstances field-work . Thus, such tasks require or 
invite high 'risk-taking' on the part of the learner. Accordingly,  these tasks and
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activities would best suit the curious student type of motivational patterns since these 
students are more likely to accept engagement  in judgement  and evaluat ion situations 
(high risk-taking) than students from other patterns.
It is reasonable to mention that in some laboratory work, students would neither 
confront  genuine discovery tasks and problem-solving nor would they require high 
'r isk- taking' .  Therefore ,  achiever and consc ient ious  s tudents w ou ld  find such 
laboratory work to be more appropriate for their trends.
2.4.4.2 O p en -E n d ed  L earn in g  A ctiv ity
Because this kind of learning activity will be d iscussed in detail in the next 
chapter,  it is worth considering the interacting aspect of open-ended learning with 
students'  motivational patterns. In brief, open-ended activity seems to have no specific 
objectives as a part of those associating with project work or student research'21’. It is 
another kind of learning which requires students to engage in and practice high 'risk- 
taking', judgement  and evaluation situations, or even higher engagement 's  level may be 
needed.  Therefore,  this activity is strongly preferred by curious students.  At some 
levels, open-ended learning activity would negate the role of the teacher who directs 
students toward goals. Thus, it w'ould not be surprising to see curious students only 
from other motivational patterns who prefer this learning activity.
2 .4 .4 J  Routine Teachine with Emphasis on Information and Skill
Iiansfei
Routine teaching is the habitual form of teaching that takes place particularly in the 
classroom,  of which teachers are the main instrument.  It could be described as the 
conventional or traditional instructional procedure. It was found '74’ that achiever and 
conscient ious  students prefer this type of learning activity which requires low level 
risk-taking.
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2.4.4.4 C o lla b o r a t iv e  L earn in g  A ctivity
Such a form of learning is best accomplished in a special atmosphere such as the 
laboratory or interactive exercise.  Practical work in laboratories can enhance social 
relationships between students. Laboratory work could be organised in such a way as 
to allow every individual to contribute to any successful procedure.  This may also 
require appropriate social skills for work with their colleagues.  Thus , it is called a 
collaborative learning activity. Games and simulation exercises are examples of  such 
learning activities.
Social students are recognised to have a positive tendency towards*21, 7s) such 
kinds of learning activity, particularly strong social motivational students who describe 
collaborat ive learning activities as attractive. On the contrary,  achiever students are 
likely to be opposed to such kinds of learning activity.
Table 2.2 shows the relationship between different instructional procedures and
(74)students'  motivational patterns, quoted from Hofstein and Kempa (1985)
49
Table 2.2
Relating instructional features to students' motivational characteristics.
quoted from Hofstein and Kempa (1985) (74)
Type of  activity Exemplars Comment  (suitability/unsuitability)
D isc o v e r y /e n q u ir y -o r ie n te d  A d vocated  in many sc ien ce  
learn ing  m e th o d s  p rogram m es d e v e lo p ed  in the
U .S .  and U .K . during the 1960s  
P r o b le m - s o lv in g  and 1970s.  For exam p le .  N u ff ie ld
Suitable m a in ly  for students with  
’curiosity '- type m otiva t iona l  pattern. 
Insofar as p r o b le m -s o lv in g  ac t iv i t ie s  
are l ikely  to require students  to en gage
O -le ve l  and A-level  sc ience courses,  in j u d g em en t  and e \  aluation situations
(both  tend to i n v o l v e  'h igh  risk' 
ta k in g ) ,  th e se  are d i s l ik e d  by both  
'achievers' and ‘c o n s c ie n t io u s ’ students .
O p e n -e n d e d  learning  
a ct iv it ies  (student-  
centred)
T h es e  are learning activities  w ithout S tr o n g ly  p referred  by the 'curious'
clearly specifiable objectives (except  but not by o ther  m o t iva t ion a l  groups
those  relating to sc ientif ic  p ro ces ses ) ,  w h o  prefer c lear  teacher d irect ion  as
i.e. those associated  with project regards educational goals,
work or student research.
Form al tea ch in g  with  C o n v en t io n a l  'traditional' instructional Preferred by ’achievers' and 'conscicn-
e m p h a s i s  on in form ation  procedures, invo lv ing  frontal teaching,  nous'  s tudents because  lo w  level o f
and skill transfer for example: with clearly def ined  risk-taking is needed  only .
g oa ls  and objectives .
C o l la b o r a t iv e  learning  
a ct iv i t ie s
G a m e s ,  simulations .  For sp ec i f ic  The majority o f  g a m e s  and stimul-
ex a m p les  see Educational Research ation exerc ise s  dev ised  for sc ience
C ou n ci l  o f  America (197 1) and 
Percival and Reid (1976) .
education are ' interactive and, hence,  
particularly suitable for learners with a 
strong soc ia l  m o tiva t ion  pattern.  
Achiever'  are likely to be o p p o se d  to 
an in v o lv e m e n t  in this type o f  
learning act iv ity ,  though.
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2.5 S u m m a r y
The present chapter has dealt with three psychological factors assumed to have an 
effect on the performance of learners in science:
First,  f ie ld-dependent/fie ld-independent cognitive styles which may divide 
learners into field-independent individuals who would readily break up an organised 
input information and separate readily an item from its contexts, and field-dependent 
individuals who would find difficulties in separating an item from its context and would 
accept the context as it is - what differentiates the two is probably the size of the M- 
space’ (w hether or not it is dominated by irrelevant information) and specifically when 
the burden  of tasks w;as increased on the working mem ory capacity (as previously 
discussed in chapter one in terms of the ’potential' and ’actual’ working space).
Secondly , the issue of convergence or divergence plays a significant part in 
learning ability. Those who are convergent thinkers having thought processes which 
lend themselves to a narrowing down of a problem to one idea, one given end. Whilst, 
those who are divergent thinking in such a way that ideas may branch out, ex p lo d e  into 
new shapes and patterns.
Ultimately, the aspect of motivation allows the further division of learners into the 
four categories of the achiever, the conscientious learner, the curious and social learners 
respectively.
Thus, it can be seen that the performance of individuals in chemistry as a whole 
and particularly in practical problem-solving situations may be varied in accordance 
with such psychological factors. However, this issue needs further investigation, 
which will be expanded in later chapters.
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CHAPTER THREE
A PPR O A C H ES T O W ARDS PRAC TIC AL INVESTIGATIONS IN 
S C IE N C E  -  PRACTICAL PR O BLEM -SO LV IN G  IN C H EM ISTR Y
3.1 I n tr o d u c t io n
Having looked at learners' cognitive styles and motivations, this research now 
intends to focus on the importance of practical investigations in chemistry. Such 
practical investigations are believed to be capable of generating and developing a great 
deal of motivation and involvement in chemistry, by all learners of varying ability. 'Hie 
purpose of the present study in its practical part will be to measure the relationships 
b e tw een  learners ' cognitive styles and m otivation versus success in practical 
investigations in chemistry.
(94)Science was defined as a conceptually organised body of knowledge about 
the m aterial world. It is not only a discipline constructed of facts, concepts  and 
principles but also a process which may clarify and unearth relationships in the universe 
and seek explanations and new m eanings for such relationships. The purpose  o f 
science education should be to assist individuals in learning to approach their world 
o b jec t iv e ly  and to develop so lu tions for com plex  problem s. Thus, p ractica l  
investigations as activities can play a very important role in developing such concepts 
and skills.
(95)W oolnough and Toh (1990) emphasised that in science, teachers ought to 
encourage students to learn a form of science which as nearly approximates the ways in 
which a practising scientist works. Students must be aware of the way a practicing 
scientist would work through their own first hand experience which should be as 
im portant as having any other familiar experience in life. Therefore, in some part of
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practical work in science, it would be important for students to acquire experiences in 
tackling problems similar to those problems that scientists may have
3.2 T he  T en dency  of Learners T ow ard  School Science
Educators have been trying for a long time to find out the difficulties in school 
science which make children, of both high and low ability, leave school ignorant o f  or
even hostile towards science. It is w'orth mentioning that this problem has generated
(97)many difficulties for scientific and technological industries
A chievements in school science of both capable and less capable learners have
(98)remained unpredictable. For example, Solomon (1986) deduced and stated that;
"1- less able pupils can be very interested in science.
2- achievements in science might fulfill, for some able pupils, an objective
other than the assuagement of interest.”
Tw o major issues have been suggested which could greatly influence the learners'
(98 99)tendency toward school science, (i ) the attitudes ot children towards science ’ 
and (ii) the science curriculum in schools.
In the literature, so many ideas and assumptions have been reported about the 
school science curriculum, which may present problems in implementation. For 
instance, why give all children the same science curriculum'.’ How could science differ 
betw een schools or from individual to individual'.’ And so on. The recently agreed 
assum ption  about what a science curriculum  requires is that children are better 
m otivated and learn more successfully when the science curriculum focuses on their
(971
im m ed ia te  en v iro n m en t and com m unity  . It is evident that the main key to 
successful learning lies with priority within the school science curriculum  being 
afforded to motivation and that this may be best achieved by acknow ledgem ent of 
experiences related to the everyday world of children110<)l. Society would benefit best 
if childrens' skills and talents are fully developed.
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The attitudes of children towards school science would be im proved  by the 
developm ent of a science curriculum which took, into account motivation, know ledge 
and an understanding of children. Science curriculum may be regarded as a vehicle for 
the attainment of other educational goals.
Generally, several studies1101"104) in the school science curriculum field suggest 
new coherent designs for the science curriculum capable of ensuring scientific literacy 
for all children. Moreover, it was suggested*105) that such a curriculum must contain 
problem-solving and investigations which could pave the road for the application of 
know ledge, understanding, skills and tactics to engender genuine investigations.
The trend towards practical investigations in school science must be encouraged 
and provoked by involving children in scientific investigations which have a certain 
amount of interest and knowledge.
3.3 The Role o f Practical W ork in School Science
The history of practical work in school science began at the end o f the last 
century. Different views have emerged over the last century about how' practical work 
should be conducted in school science. However, the overall view tends to be (i) 
enthusiasm for a greater amount of such work or (ii) may involve the dism issal11061 of 
practical work as time consuming.
In literature, some views have recently started to realise the important role and 
have perceived the educational benefit of practical w'ork. For example, it is believed that 
practical work in the laboratory is an essential part of the school science syllabus in 
such subjects as chemistry. It provides an opportunity for learners' developm ent from 
concrete situations to abstract ideas. Laboratory w'ork could be described as a vehicle 
for the arousal of curiosity and an appreciation of aesthetic aspects of chemistry*1()7’. 
T hree  main purposes for practical work have been suggested*1081; to develop 
understanding of concept, to develop practical manipulative skills, and to train learners' 
enquiry skills.
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Nevertheless, the much of practical work that has been conducted in schools is 
still seen as ill-conceived, confused and unproductive. It therefore provides little of real 
educative  value. In the light o f this, Hodson (1 9 9 0 ) '109’ stated that "for many 
children, what goes on in the laboratory contributes little to their learning o f science or 
to their learning about science. Nor does it engage them in doing science, in any 
m eaningful sense. We need to ask, as a matter of some urgency, how this state of 
affairs has come about and, more importantly, what we can do to remedy the situation."
In a critical rev iew '109’, the role of practical work in school science could be 
gathered into four major categories:
I - To motivate children by stimulating their interest and enjoyment.
II - To teach children practical skills.
III - To promote in children the learning of scientific knowledge as well
as providing them with an understanding of scientific methods and 
to develop their expertise in using it.
IV - To develop certain scientific attitudes in children like open-
mindedness, objectivity and their willingness to suspend judgement.
3.3.1 Stim ulating  C h ild ren 's  Interest and E njoym ent
Although, pupils' interest and satisfaction do not always increase when the 
amount of practical work in science is increased, pupils do regard practical work at least 
as a less boring activity than other methods, although it is not always enjoyable*1101.
In practical work, the notion of motivation would be more valid if pupils were to 
be engaged in exciting and interesting tasks. Moreover, enthusiasm could reach a high 
level if for some pupils were to pursue their own investigations, in their own way by 
direct inquiry-orientated experience. Such methods are believed to be close to pupils' 
natural forms of thinking '111, 112). One might therefore be critical of what is going on 
in almost all schools, when pupils have to investigate the teacher's problem, following
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the teacher recipe.
As stated, motivating children will depend on stimulating their interest, excitement 
and curiosity. Curiosity itself was divided11131 into four major types according to the 
cognitive development stages of the human being. Each type would be characterised as 
a particular stage of cognitive development. These types are; manipulative, perceptual, 
conceptual and curiosity.
Educators must realise, in designing practical work in science, that young learners 
w ould easily be stimulated by the opportunity to manipulate apparatus or to make 
observations, whilst old learners would need much more to be stimulated, by means 
such as the exp lo ra t ion  o f ideas, the investigation o f inconsis tenc ies ,  or the 
confrontation of problems. It would be unrealistic to anticipate that all learners would 
be motivated by same stimuli.
This fact may indicate that motivation in school science is not guaranteed by 
simply doing practical work unless the people who design these activities ensure that 
they are capable of generating interest and excitement, and allow learners a measure of 
self-directed investigation. It also indicates that there are other techniques needed in 
science lessons which may have high motivational value*109>.
3.3.2 L ea rn in g  Practical Skills in Science
Laboratory practical skills can be divided*109’ into tw;o sets o f  skills; a set of 
content-free’, and a set of craft skills’.
In chemistry as a science subject, the craft skills w-ould be represented in using 
successfully certain apparatus, such as a burette or a pipette or would be represented in 
using successfully certain techniques, such as titration or filtration. However, these 
skills were found to be untransferable to another laboratory situation like the biology 
one, for example. It is even difficult to use these particular craft skills in a no n ­
laboratory situation if an application of practical skills is required. Moreover, there was
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some evidence that after training learners to acquire such skills for several years, some 
lea rn e rs  rem ain  unab le  to perform  even sim ple lab o ra to ry  p ro c e d u re s '1141 
satisfactorily. It is worth mentioning here that the aim of this critical review of the craft 
skills is not to abolish such skills from being acquired by learners. Rather, it is to 
underline the importance of the first set of skills, the content-free skills.
Content-free skills are encouraged to be acquired by learners because they are of 
value in the pursuit o f  other learning, and such skills should  be developed to a 
satisfactory level of competence. In terms of skill developm ent,  it is important to 
em phasise  that the acquisition of such skills is necessary if learners are to engage 
successfully in practical work rather than the opposite. In other words, it would be a
mistake if practical work aims to provide learners'1091 only with certain practical skills.
(94)Any practical task in the laboratory may be assumed to have four phases 
which must be followed by learners in order to reach a solution. F.ach phase requires 
various practical skills (content-free skills) to be em ployed by learners to execute 
successfully any particular phase and to move to the next phase of a practical task. Hie 
phases with their practical skills are shown in figure 3.1. If the learner is confronted 
with a laboratory' practical task, he would need the following skills:
I - In the planning and designing phase  a learner will require, first, a
formulation or definition of the problem. Secondly, a prediction of 
the result will be needed. And finally, the learner must formulate a 
hypothesis for investigation. In the latter stage of this phase, the 
learner should design his observation or measurement procedure.
II - In the performance phase a learner will need certain practical skills
such as manipulation, making decisions, observation and reporting 
data.
I l l  - In the analysis phase  practical skills, such as putting data in tabular 
form, graphing them, explaining relationships and searching for 
generalisations, are required from the learner.
ro 
ro
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IV - In the application phase  a learner will require predictions for the 
present situation, the form ulation  of new problem s (questions) 
should be investigated, using the concepts and skills which are 
already acquired in new situations, and finally the application of these 
in new situations.
1 .0  P lanning and Design
1.1 Formulates a question or define 
problem to be investigated
1.2 Predicts experimental result
1.3 Formulates hypothesis to be 
tested in this investigation
1.4 Designs observation or measurement 
procedure
2.0  P e r fo r m a n c e
2.1 a Carries out qualitative observation 
2.1b Carries out quantitative observation
or measurement
2.2 Manipulates apparatus; develops 
techniques
.3 Records result, describes observation 
.4 Performs numeric calculation
2.5 Fxplains or makes a decision about 
experimental techniques
2.6 W orks according to own design
3.0 Anal ysis and Interpretation
3.1a Transforms result into stanform 
(other than graphs)
3.1b Graphs data
3.2a Determines qualitative relationship
3.2b Determines quantitative relationship
3.3 Determines accuracy of experimental 
data
3.4 Defines or discusses limitations and 
/or assumptions that underlv the
3.5 Formulates or proposes a generalis­
ation or model
3.6 Explains a relationship
3.7 Formulates new questions or defines 
problem based upon result of 
investigation
4 . 0  A p p lica t io n
4.1 Predicts based upon result of this 
investigation
4.2 Formulates hypothesis based upon 
results of this investigation
4.3 Applies experimental techniques to 
new' problem or variable
(9 4 )
Figure 3.1 The laboratory practical skills quoted from Eunetta (108X)
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3.3.3 Learning B oth Scientific Knowledge and the Methods of Science
A lthough the teaching styles of practical work may provide a good opportunity 
for learning scientific knowledge, empirical evidence revealed that the teaching styles of 
laboratory work/discussion are important in respect to the development of laboratory 
sk i l ls  bu t  is not s ign ifican tly  superior to o ther  teach ing  sty les, such as 
lecture/discussion; lecture/teacher demonstration/discussion1117).
In a critical s tudy1118), learners seem to perform  experim ents with only a 
rud im entary  idea of what they are doing and with no understanding of the purpose of 
such experiments nor w ith understanding of the reasons for the choice of procedure.
It is believed that practical work also teaches learners about science*1091 and its 
m ethodology. One aspect of practical work is discovery' learning which is an effective 
w ay o f learning science and the methods and procedures of science. However, learners 
w ould  not acquire new concepts if they were engaged in unguided open-ended 
d iscovery  learning activities. Such activities without guidance may lead learners to 
u n an tic ip a ted  results and to d iscover1101’ an alternative science. C onsequently , 
teachers  often inform learners that they have got the 'wrong result' since such 
d iscovery  is not among the teacher’s goals '119’ in the acquisition of the particular of 
scientific knowledge. Thus, uninformed observations do not and cannot lead to the 
acquisition of new concepts. Practical experience can not provide conceptual structures. 
Instead, the conceptual structures would give meaning, purpose and direction to 
p rac t ica l  expe riences .  In conclusion , theoretical consideration  m ust precede 
experim ental inquiry. This argument is in favour of designing a new style of learning 
e x p e r ie n c e 11111 which takes into account the philosophy and sociology of science, 
from one perspective, and the awareness of how learners acquire concepts in science, 
from another perspective. Both perspectives indicate the importance of prior theorising 
and the exp lo ra t ion  of existing ideas as the necessary  precursor to practical 
investigation.
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Finally, the emphasis that should be made is not on encouraging learners to leam 
about the methods and processes of science, but on using the methods and processes of 
science to investigate phenomena, solve problems and to follow interests that learners 
have chosen. Wherever possible, open-ended projects are recommended for learners to 
be engaged in during the science course, and such activities should be available to those 
learners who evince an interest in participating in real science'111).
3.3.4 D evelop ing  Certain S c ien tif ic  A ltitudes o f L earners
Scientific attitudes could be defined* 1' 0) as attitudes toward information, ideas 
and procedures which are essential for practitioners of science. Open-mindedness, a 
stance which is value-free and a willingness to suspend judgem ent are all scientific 
atti tudes which it may be hoped will be adopted by learners. These attitudes are 
transferable to other areas of concern. Unfortunately, the practical work which has 
already been incorporated in school science does not provide learners with access to 
such attributes.
Teachers must realise that children, in starting a new topic in science, often have 
their owm scientific views which are often at variance with scientists' views. Children 
are often very reluctant to renounce*1"1"123’ these scientific views. They use their 
own science in every day life and are capable of reproducing 'official' science when 
required, particularly in school. Therefore, a different view of teaching and learning 
procedures in school science must be taken into consideration. Such a view should be 
based upon developing and modifying, rather than replacing children's ideas.
An appropriate reference ought to be made in this section to the image that may 
encourage  children to choose science. Hducators ought to show children that*109’ 
"scientists can be warm, sensitive, humorous and passionate or -more importantly- that
warm, sensitive, humorous and passionate people can be scientists”.
(1 "M)Finally , Shulman and Tam ir (1973) " suggested a num ber of goals for 
laboratory instruction in science education. ITiese are:
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I - Arousing and maintaining learners' interest, attitudes, satisfaction,
open-mindedness and curiosity in science.
II - Developing the creative thinking and problem-solving ability in
learners.
I I I  - Enhancing both scientific thinking and method like formulating
hypotheses and the making of assumptions.
IV - Developing conceptual understanding and the intellectual ability of
learners.
V - Developing learners' practical abilities, such as designing and doing 
investigations in science as well as developing their skills in 
observation, recording data, analysing results and interpreting 
results.
While Anderson ( 1 9 7 6 ) * *  suggested that the goals of practical work are:
* developing learners' knowledge about the human enterprise of 
science as well as enhancing  their intellectual and aesthetic 
understanding of it.
* developing learners' inquiry skills in science and make such skills 
transferable to other spheres of problem-solving.
* helping learners to appreciate and in part to emulate the role of 
scientists.
* helping learners to fertilize their appreciation of the orderliness of 
scientific knowledge so as to understand the tentative nature of 
scientific models and theories.
3.4 P rob lem -So lv in g  and O p en -E n d ed  Investigations
The term investigation is defined*108) as "an experimental study that requires 
first-hand student participation and leads towards providing evidence that permits a
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question, posed at the outset, to be answered". An investigation may be executed by an 
individual or as a group activity. It mainly involves'126' 1‘7) enquiry and exploration 
p rocedures .  Both the laboratory as well as the library are possib le  p laces for 
investigations to be carried out. Thus, some investigations would be treated in the 
library as theoretical, whereas others would be treated in the laboratory as practical 
investigations.
The conclusion which may be drawn here is that investigations are not necessarily 
experim ental. However, the practical investigations that are carried out in school 
science do not provide what is assumed to stimulate the growth in children's thinking. 
Instead, such investigations in schools only provide "recipe-following" practical 
activities.
3.4.1 The Aspect of Problem-Solving Investigations in School Science
Four main aspects seem to be relevant to the effectiveness of any problem-solving 
situations:
I - One of the vital aspects of problem-solving situations is the nature 
and the style of the problem-solving question which would be posed 
at the out set of any investigation. In a problem situation, the posed 
question would influence the possibilities of approaching a final
, • (128,  129) LI i i  1 • .s o lu t io n  . However, some p rob lem -so lv ing  w ork  in
science iden t i f ied '1081 as difficult when placed in the questions'
format, for example, the measurement of the surface tension of
liquids.
II - Another aspect of the problem-solving situation is related to where 
the problem originates. The problem could be posed by the teacher, 
the learner or both of them. Therefore, the scope and nature of the 
work as well as the learners' performance could be influenced
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positively if learners were to recognise the source which posed any 
given problem (the question).
III - Learners must be aware whether a problem has been developed by
the teacher, who is already aware of the solution or if it is a problem 
which has arisen as learner and teacher follow an inquiry and must be 
solved by both an interaction. It is beneficial to allow learners to 
understand such facts in order to encourage ach ievem ents  in a 
problem-solving situation.
IV - The problem itself may have more than one unique solution. Some
practical problems would potentially have a number of solutions and 
approaches. Such problems must be encouraged and prom oted to 
enhance learners’ ability to progress in open-ended situations.
3.4.2 O p en -E n d ed  Practica l Investigations
This kind of practical work, refers*108’ to the outcome of any particular work 
when there is more than one solution or answer. The outcome of such investigations is 
therefore  not decided before the work is undertaken. In contrast,  c lo sed -ended  
investigations refer to investigations when the outcome of the work is decided from the 
first, often before the work was undertaken. There is a third type of investigation which 
fills an intermediate position between closed-ended and open-ended  work. Such 
investigations are called pseudo open-ended*130’. These investigations appear to be 
open when in reality they are intended to produce a single outcome. The pseudo open- 
ended investigation was considered to be convergent practical work in nature.
3.5 Lock's Diagram of Practical Work Types in Relation to Teach ing  
Stvle and the O ixn-Endedness of the Work
From the previous section of this chapter, it becomes obvious that the teacher will
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have a very im portant role in the practical problem situation. It is therefore worth 
study ing the effectiveness of the teacher-leamer interaction with the degree of open- 
endedness of the investigation.
L ock  (1 9 9 0 ) (108) has illustrated in a diagram (shown in figure 3.2) such 
interaction  with its influence on open-ended, closed-ended work. The d iagram  
com prises two intersecting axes, the vertical one represents the continuum  between 
open-ended and closed-ended work, while the horizontal axis represents the continuum 
between teacher-directed and student-centred approaches.
Open-ended
Teacher-
directed
Closed-ended
Student-
centred
Figure 3.2 Lock's diagram to illustrate types of practical work in relation to teaching
style and open-endedness of work*108*.
Six positions distributed on all over the diagram represent different styles of 
practical work in relation to the position which they occupy. In general, the practical 
work located at the lower half of this diagram refers to that work which follows any 
theory or hvpothesis that has been previously presented to learners, in order to confirm
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the theory or the hypothesis practically:
I - Position A: This kind of practical work is the most familiar one in
school science. For example, when the pupil is asked to show that 
pure water will boil at 100 C. The outcome of such an experiment 
(practical work) is unique and determined by the title. The procedure 
might be decided by the teacher or, in some circumstances, it is the 
teacher himself who would carry out such an experiment.
II - Position F: The practical work shows in this position a balance
between the teachers and pupils input. Pupils would be allowed to 
carry out an experiment which was designed by themselves, but the 
teacher may then interrupt suggesting another approach to the 
experiment which he assumes to be superior and ought to be adopted 
by pupils.
III - Position D: This kind of practical work is not so often used in school
science. A teacher may ask his pupils to plan and carry out an 
experim ent or a series of experiments in order to show that, for 
example, snow, ice, and steam are all the same substance. This kind 
of practical work is considered as problem-solving since pupils are 
not told how to carry out such an experim ent. Nevertheless, 
experim ents  like that mentioned are located at the closed-ended 
position in the diagram.
IV - Position B: The practical work involved in this position is the pseudo
open-ended  work (closed and open-ended investigations). It is 
called, sometimes, a guided-discovery approach to practical work. 
For example, the teacher poses his pupils a problem in which pupils 
have to ask several questions in order to lead them to an interpretation 
of the results that they have obtained. The teacher know s the outcome 
of the problem but his pupils do not. Such an environment has been
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encouraged elsewhere * as a useful device in school science.
V - Position E: This type of practical work is not so often found in 
school science. It is a practical problem which is teacher directed but 
open-ended. The main reason behind not using such practical work 
in schools is that teachers do not want an undesirable outcome to 
emerge when it may be achieved. A wide range of solutions could be 
obtained sometimes from this kind of work. However, such practical 
w ork would be beneficial in learning certain techniques or 
experimental methods. For example, pupils are given a liquid which 
contains two other chemicals, they were asked to separate these 
chemicals from each other. The teacher may provide pupils with a 
certain procedure to tackle the problem, such procedure is therefore 
called recipe-following. Such activities aim to let pupils acquire a 
degree of familiarity with the techniques that have been employed.
”In such situations the collation, evaluation and interpretation of 
results can be devolved to the students without serious worries of 
whether misconceptions are being fostered or reinforced"11081.
VI - Position C: The practical work in this position is not uncommon in 
school science. This kind of practical work is considered as an ideal 
type for open-ended and problem-solving principles. It may involve 
everyday life problems of pupils and may not be novel for them. 
However, such practical work is a new element in school science, it 
has been there since the early 1970s(13I). But, a word must be said 
here and that is the design of such work requires much care from 
teachers and educators compared with other types of practical work.
Generally, in the school science curriculum, there is enough room for all styles of 
practical work (located in all positions) to be exercised. Building on this, it would 
therefore be important to allow pupils to gain a variety ot experiences through tiying
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out d ifferent styles of practical work. Even greater benefit could be obtained if teachers 
were to inform  pupils of the varied nature of investigative work and therefore pupils 
would not become anxious about what they are learning.
Som e types of practical work which are located at certain positions could easily be 
m oved to other positions. For example, the experiment involving pure water (boils at 
100 C) which was located at position A but could be moved into position D, if teachers 
were to ask pupils to determine the boiling point of pure water independently w ithout 
any instructions. Teachers may control the movement of different practical work styles 
from a position into another one, moving then in accordance w ith whichever is more 
beneficial for the training purposes of their pupils. However, it is worth mentioning 
that it w'ould not be impossible to have practical work which fits more than one position 
in Lock 's  diagram.
3.6 T he  T eacher/Learner Control over Practical W ork E lem ents
Could it be that teacher-directed practical work is more important than learner- 
cen tred  practical work or would the opposite be true? Has the cooperative activity 
shared between the teacher and the learner any advantages for science education or not?
Such questions must be treated tentatively in science education. As seen earlier, 
every  kind o f practical work has particular benefits so that some elements in any 
practical investigation would benefit best if they were teacher-directed, others it they 
were learner-centred, whilst the rest of the elements would be most effectively used in 
cooperative activity shared between teacher and learner.
L ock  ( ,1 9 9 0 /108) has given seven elements involved in any practical work. 
These are; area o f interest, statement of problem, planning, determination of strategy, 
carryim i out of practical work, collation of results, and evaluation/interpretation of 
results. Lock drew a variety of situations in which control over such elements is 
divested in learners or teachers. ITiese situations are shown in table 3.1.
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Table 3.1
Hypothetical practical work situations identifying student or teacher control over
elements of the work11081
S ituations with variety o f  teacher/S tuder  
control over e lem en ts involved
t
E le m e n ts  in v o lv ed  in 
practical work 1 2 3 4 5 6 7V
A rea o f  interest T T T T T T I1 s
S ta tem en t o f  problem T T ✓
T T
1
T I
) ------
9 s s
P lan n in g
T
k
T 1 1 S S S s s
D eterm in ation  o f  strategy T T
-  j
T I
) ■
9 s s s s
C arry out o f  practical 
w ork T /S S S s s s s
C o lla t io n  o f  resu lts T 1 S S s s s s
E valuation /in terpretation  
o f  resu lts T T T
h
s s
In brief, studying those elements of the practical work versus various situations, a 
teac h e r’s control will be seen overwhelming across situation 1. In situation 2, the 
learner may be given the opportunity to train and develop his skills in carrying out the 
experiment as well as given control over the collation of results. Situation 3 may require 
a greater contribution from learners by discussing, perhaps in small groups, their ideas 
with the teacher for a final single strategy derived mainly from the teacher himself with 
som e contribution hopefully from one or two learners. This approach is good for 
planning skills but it has not practically a great advantage because it is often carried out 
in a pencil and paper mode. It could be stated here that the design of such experiments 
w ould be dominated by the teacher's suggestions determine the learners interaction 
with the materials/trial experiments such instructions influencing the proposed designs.
Situation 4 allows learners to carry out their own designs and ideas. Although, 
such practical work may result in some inaccurate or irrelevant conclusions, with
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teacher control over the evaluation of results none of this would matter. Situation 5 
gives learners the opportunity to interpret the outcome and results of all experiment. 
Therefore, it is possible that learners may acquire an alternative understanding to that 
expected during the work because this situation leaves open the interpretation of results 
to the learner. These alternative ideas could be reinforced by lack of teacher control. 
H ow ever ,  this procedure, as a consequence, would contribute, to som e extent, in 
understanding certain concepts of practical w'ork.
Situations 6 and 7 are the most extreme situations that would be under learners' 
control (learner-centred). Situation 7 would even give learners an opportunity to choose 
an area o f interest (topic) for practical work, while situation 6 may allow teachers to 
chose any particular topic for investigations. Learners in situations 6 would therefore 
get advice, and consult with teachers before starting the actual practical work under the 
learner's control.
It seems prudent to mention that the above situations are important in school 
science with different effectiveness and acquisitions of skills and concepts. However,
in recent years, educators have begun to encourage practical work under learners'
,(132, 133) • . i •co n tro l  in school science.
Learner-centred practical work demands a larger amount of effort, requiring more 
time than conventional work. The science curriculum must also be assessed under 
certain circumstances to focus on those particular issues which regard learners as an 
im portant body - such issues must be allowed primacy in the curriculum. Moreover, 
specific training would be needed for the designers as well as the participators in the 
science curriculum to facilitate the adoption of practical work.
3.7 How to M ake the Practical Work More O pen-Ended?
Lock ( W O ) 11081 suggested five steps towards making any practical work more 
open-ended. He specified five questions shown in table 3.1 as steps towards open-
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endedness and which are identified by the bars labelled A to E. These steps (bars) can 
be characterised by the questions below and may make practical work more open-ended 
and so more learner-centred;
" A - Who detines the area of interest?
B - Who states the problem ?
C - Who does the planning?
D - Who decided on the strategy used?
E - Who interprets the results? "
It is noticeable from table 3.1 that one bar has been left unidentified because it 
represents the break between teachers or learners control over carrying out the practical 
work as well as the collation of results, which has no significant implications for 
making the work more open-ended or learner-centred.
In some circumstances. Lock's steps form a hierarchy as shown:
(b a se) c  — ^  D  — ^  E
Teachers seem to be less reluctant to depart from some aspects near the base of 
this hierarchy, like C and D (planning, determining strategy), as such departures evince 
a move from teacher to learner control. However, Lock has emphasised that such an 
assertion cannot bear close scrutiny. Learners can participate in identifying an area of
interest (A), and at the same time, teachers can set up the strategy which would be used
(D), in addition to the statement of the problem (B).
If more open-ended, learner-centred practical work were required in science, 
answ ers  to Lock's questions (steps) should be learners or usually  lea rners .  
Nevertheless, in planning lessons, if one or two answers to such questions have been 
learners’, it is still important to go ahead with these situations for a certain benefit i.e. 
the lessons will be focused on the skills involved in the particular aspects  which 
dom inated those questions, for example, planning out or deciding between a range of 
different strategics in order to determine which strategy or strategies are most relevant.
— > B — > A apcx)
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3.8 M in i -P r o je c ts  a s  a M od el o f  P r o b lem -S o lv in g  A c t iv ity
R esea rch  has been  conduc ted*1341 at the Centre for S c ien ce  E d u ca t io n ,  the 
University  o f G lasg o w  which a im ed to invent a design for practical w ork  ac tiv ity  at 
Scottish secondary  schools (Standard Grade Chemistry Courses). T he  o u tco m e  o f  this 
work was called "Mini-Projects"  in chemistry.
The m ain  reason  beh ind  the production o f such w ork is to e n g a g e  pup ils  in 
creative ex p e r im en ta l  w ork  that w ould  assist them  in im p ro v in g  ch e m ic a l  skills , 
techniques, know ledge  and understanding towards chemistry in the syllabus as well as
the chemistry in nature.
(25)Hadden (1990) claim ed that mini-projects had an extensive m otiva tional effect 
on young pupils. As was stated before, teachers should stimulate pupils ' c rea tiv ity  by 
engaging them  in activities which have motivational effect. Therefore ,  m in i-p ro jec ts  
may add a s ign ifican t teaching  tool to a teacher's professional reperto ire .  T he  use o f 
mini-projects m ay  require  a teacher's persuasion skills to encourage the m otiva tion  o f  
pupils. In addition , m in i-p ro jec ts  are essential in training the tho u g h t  p ro c es se s  o f  
pupils when they are asked to conduct scientific methods.
3.8.1 T h e  D e sc r ip t io n  and  D esign  o f  M in i-P ro tec ts
T he one h u n d re d  chem ica l  p rojects  that constitu te  m in i-p ro jec ts  h av e  been  
presented in tw o accessib le  booklets. The first booklet contains 60 projects*134’, while 
the second one  co n s is ts  o f  the 60 projects  o f  the first b o o k le t  p lu s  a n o th e r  40 
projects*135’. Each pro jec t has been submitted in two sheets, a pupil 's w o rk sh ee t  and  a 
set of teachers' notes sheets, the former comprises of:
I - A statement o f the problem that has to be solved by the pupil.
II - T he essential apparatus or chemicals for introducing the p ro b lem  to
the pupil,  such as a test tube of unknown solution or a ch e m ic a l
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sam ple  in a beaker.
III - O th e r  apparatus would be supplied for pupils  on request. This  is in
o rd e r  to create  a problem , because  appara tus  m ay  ex p ress  the 
physica l  aspect of a problem  and m ay provide the pupil with som e 
visual guidance.
IV - A space in the sheet after the statement o f  the p ro b lem  for pupils to
re-w rite  the problem in their own words.
V - A nother space for their initial plan to tackle the problem.
VI - A space for pupils to write how they intend to carry  out the work.
VII - T h e  rem ain ing  space in the pupils ' w orksheet (the back  o f  the sheet 
too) is intended for the pupil's conclusions, results , w ritten  m ethod  
and  d iagram s or pictures if such are required.
T he  teachers ' notes sheet comprises of:
I - A list o f  apparatus which is needed  or m ay be n eed ed  by pupils
during  the experiment.
II - T h e  possib le  strategy of solution to the given p rob lem , w hich could
be used as a teaching guide.
Ill - S o m e advice for safety precautions if any.
T h e  d es ig n  o f  each  project in the m in i-pro jects  book le t  p re se n ts '25* a p rob lem  
which has ca refu lly  been set up in order not to give any indication about its procedure. 
It requ ires  p ra c t ic a l  w ork  "at the bench". Pup ils  m u s t  use th e ir  v a r io u s  skills , 
knowledge and  techniques which are acquired during the chem istry  course at school to 
tackle such problem s. Several types of problems are involved in the design o f  the m in i­
projects b o o k le t  e.g. open-syllabus based; c losed-sy llabus  based; open -ev ery d ay  in 
nature, c losed-everyday  in nature and real world simulation problem s.
Each ind iv idua l  p roblem  may possibly be solved within an h o u r  including  time 
for pupils' w rit ing  up. Mini-projects activities involve open text books, data  books and 
pupils' notes.
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3.8.2 E x a m p les  oLDifferent Problems Involved  in the M in i-P rojects
Booklet
As stated in the past section, there are five types  o f  p ro b lem s  invo lved  in the 
design of mini-projects. These are:
I - O p en ,  sy l labus  based prob lem s w h ich  m ay h av e  m ore  than  one
unique m ethod  for the correct solution. For exam ple ,  the participant 
m ay be asked  to find the best way o f  keeping  the zinc m etal from  
corroding  in the blue solution. (Zinc and copper [II] sulphate solution 
p ro v id e d ,  nail varn ish , pain t, v a r io u s  m e ta ls ,  and  so on are 
available).
II - C lo se d ,  sy l labus  based p ro b lem s  w h ich  shou ld  h av e  a un ique
m eth o d  for the correct solution. For exam ple ,  the so lu tions in test 
tubes  1, 2, 3 and 4 contain barium  chloride , c o p p e r  [II] sulphate, 
dilute sulphuric acid ("hydrogen sulphate acid") and  sodium  chloride 
bu t  no t in that order. You have to find  out w h ich  test tube contains 
w hich  solution. (No other chemicals are issued).
III - O pen, "everyday" based problems which involve dom estic  materials
such as househo ld  liquids or pow ders.  T hese  p ro b lem s  m ay have 
m ore  than the unique method for the correc t solution. F or exam ple , 
you  h av e  to find the best de tergen t solution fo r  c a r  w indscreen . 
(V arious  detergents are provided, oil, grease, soil, salt, m icroscope 
slides and so on are available).
IV  - C lo se d ,  " ev e ry d ay "  based  p ro b le m s  w h ich  in v o lv e  d o m es t ic
m ater ia ls  such as household liquids o r  pow ders ,  but w hich  should  
have a unique m ethod for reaching the correct solution. For exam ple , 
you h av e  to find the volum e o f  air  co n ta in ed  in a p iece  o f  A ero  
c h o c o la te .  (A p p a ra tu s  for m elt in g ,  an d  m e a s u r in g  c y l in d e rs
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available).
V - "R ea l  w o r ld ” s im u la t io n  p ro b le m s  w hich  are s im ilar  to th o se  
prob lem s that professional chem ists  m ay have to deal with, such as 
corrosion or pollution. For exam ple , a new  ore has been d iscovered.
Y o u  have been asked to find if any valuable metals or gases can be 
p roduced  from it for the chem ical industry. (Provided: "Ore" w h ich  
is a mixture o f C aC o3 and C u C o j  set with a little portland cem ent and 
ce m en t-co lo u r in g  agent ava ilab le  : V arious  reagents ,  f lam e tes t  
apparatus, and so on).
3.8.3 T he  Consistency o f  M ini-Projects  with Educational and  
Psychological F indings
T h e  w ork  o f  mini-projects has been chosen  for the practical part of the p resen t  
research as a body  o f chem istry  in o rder to study p u p i ls ’ perfo rm ance  in such w o rk  
com pared to their classification in psychology (what they have scored in tests re la ted  to 
some psychological factors which have already been discussed in the previous chapter).
It w as  fo u n d (1) that som e learners  w ho, w hile  being  c lass if ied  as 'w eak ' in 
chem istry , accord ing  to their scores in conven tiona l chem istry  exam inations, m ay  be 
able to perform  well in activities which involve practical problem-solving in chem istry , 
especially in tasks which required the use o f the learners ' creative thinking.
In e x p e r im en t in g  with m in i-p ro jec ts  in schoo ls ,  it w as fo u n d t25) tha t 'w eak ' 
learners did astonishingly well in such projects. In fact, this m ost closely approx im a tes  
the researchers '  p rev ious find ings and therefore  m in i-p ro jec ts  could  be used  in the 
present study as an ideal means o f presenting chemistry  at the bench.
A s a body  o f  chem istry , m ini-projects  are frequently  com patib le  with w h a t  this
(25)
research requ ires  for its practical part. H ad d en  (1990) reported  "pupils  w h o  had  
been assessed as low performers in traditional written exam inations in chem istry , often
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did surpris ingly  well in practical problem -solving. (The reverse was also true in som e 
cases). It m ay  be that the use o f m in i-p ro jects  allows som e 'low ab i l i ty ’ pup ils  to 
perform  better  in a d im ension  which is m ore com patib le  with their inherent gifts. T he  
lack o f transferab il i ty  of theoretical know ledge acquired by 'high ability’ pupils  to the 
realm o f  practical application may also have been exposed".
T h e  p h i lo so p h y  o f  m ini-projects  concurs  w'ith o ther studies in p sycho logy  and
education . E ach  p ro jec t  is a s im ple s ta tem ent w hich  w ould  avoid  any o ver load  o f  
(2 )information . M oreover,  each project can be executed in an hour, therefore, it is short 
in time w h ich  m ay  allow frequent use by pupils*136).
Finally, it is worth mentioning that mini-projects practical activities aim ed to find 
a niche fo r them se lves  in the S tandard G rade C hem istry  course in Scottish secondary  
schools.
3.9 S o m e V iew s o f  How to Assess Practical W ork  in C h em istrv
Scignce
In any  p a r t ic u la r  topic in ch em is try ,  if pup ils  have co n d u c te d  a p ra c t ica l  
investigation, they  m ust be then given a reliable indication o f what has been achieved . 
In o ther words, an assessm ent should be m ade in order to prom ote  pupils ' learn ing  in 
such a topic*1371.
F ro m  re ad in g  in literature, it is ev iden t that the m ost im portan t featu re  o f  the 
practical w o rk  w hich  m akes it different, in some m easure, f rom  non-practical w ork  is 
that the p rac t ica l  w ork  involves  both m anual and in te llec tual ab i l i t ie s ’138, 139). It 
involves  p rac t ica l  skills (m anual) which  w ould  be acqu ired  th roughou t  the ac tua l 
p ractica l  w o rk  in the laboratory as well as during training and practical in te llec tua l 
abilities which concern  the understanding of any particular subject in science.
In som e literature , the m anual and intellectual abilities are defined  as p rocesses  
sk il ls ’140, 141) w hich  m ay be d iv ided  into ’m acro  process  sk i l ls ’ and ’m icro  p ro cess
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skills,(142>, these will be explained later in this chapter.
In the following overview, the researcher intends to sum m arise the assessm ent of 
manual skills. H owever, greater em phasis  will be given to that o ther part o f  assessm ent 
which concerns the intellectual ability o f  pupils in doing practical investigations.
3.9.1 M a n ip u la t iv e  S k il ls  in P ra c t ica l  C h em is tr y
M anipulative skills could be identified as skills which are involved in the form  o f  
construc ting  apparatus  such as using a burette , or using a pipette, or hand ling  a gas 
syringe, or setting up a distillation apparatus.
T o  assess any par ticu la r  practica l  sk il l1143), two main factors  should  be taken  
into consideration; (i) the com ponen ts  o f that practical skill; (ii) and the ach iev em en t 
criteria which will be used as reference standards in the general assessm ent operation.
/144)
B uckley  and K em pa  (1971) broke dow n the area o f  m anipula tive  skills into 
sub-areas  in order to specify for each  sub-a rea  generalised per fo rm an ce  criteria. A 
breakdow n analysis of manipulative skills is shown in table 3.2.
Reading  table 3.2, it is possible to com prehend  that some m ajor operation  criteria 
were set up (in the table) relevant to their assessment. Each general criterion will require 
further am plif ication  in accordance with any particular practical task  that w ou ld  be 
carried out in the laboratory.
There are three different m odes o f assessing manipulative skills:
I - One o f the most re levant tasks in assessing m anipu la tive  skills by 
d irec t  observa tion  is to fo rm  a general im press ion  o f  a pup il 's  
p e r fo rm an ce  in the lab o ra to ry ,  by noting his s trong  and  w eak  
perfo rm ance  points, and the teacher eventually  m ay transla te  the 
impression gained into a poin t on the 1-5 rating scale.  This  k ind o f 
as se ssm en t  m ay be d esc r ib ed ,  to som e ex tent,  as a su b jec t iv e  
asse ssm e n t  and so m etim es  is ca lled  the o p en -en d ed  m o d e (144> 
because it depends upon personal judgements. Subjective ju d g em en ts
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are usually varied as a result o f  inaccuracies and the personal biases 
o f  the assessors.
T able  3.2
A breakdow n analysis o f  manipulative skills (Buckley and Kempa, 1971)<144)
Com ponent Genealised criteria/Performance features
Methodical working
Correct seauencing of tasks forming part of an 
overall operation
Effective and purposeful utilisation of equipment
Efficient use of working time
Abilitv to develop an acceptable working procedure 
on the basis of limited instruction
Experimental
technique
Correct handling of apparatus and chemicals 
Safe execution of an experimental procedure 
Taking of adequate precautions to ensure reliable 
observations and results
Manual dexterity
Swift and confident manner of execution of 
practical tasks
Successful completion of an operation or its 
constituent part-tasks
Orderliness
Tidiness of the working area
Good utilisation of available bench space
Organisation in the placing of equipment used
II - T he second m ode in assessing  m anipulative  skills is by us ing  a 
check-lis t  w hich  com prises  o f d ifferent perfo rm ance cr ite ria  that 
w ould  assess a p up il’s overall  practical skills. It aims to ob ta in  an 
ob jec t ive  assessm en t since any  check-lis t  w ould  con ta in  m an y  
specific points about m anipulative skills involved in any par ticu la r  
practical task. Nevertheless, objective assessm ents o f  m an ipu la tive  
skills are fairly difficult to accomplish.
Ill - T he  third m o d e  in a s se ss in g  m an ip u la t iv e  skills  is c a l le d  an 
' in te rm e d ia te '  m ode. It  is in te rm e d ia te  b e tw e e n  the  tw o  
a fo rem en tioned  m odes above  o f  assessm ent.  In this m o d e ,  "the 
subjective im pression-based form of assessing skills is retained, but
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it is app lied  to the m ain com ponen ts  o f  the m an ipu la t ive  sk ills  
dom ain  (as shown in table 3.2), instead o f to the practical task  as a 
whole". Examples from  each m ode above are exhibited in figure 3.3 
(I, II, III), quoted from  Eglen and K e m p a’s (1974)(1431 study.
Grade awarded O
Major manipulative abilities looked for in the operation
Features in the student's performance used for the grading
Figure 3.3 (I) An exam ple  o f  the open-ended  schedule.
a - Methodical working u k a d i
e.g. in the washing of glassware; in the transfer of solid and O  
of solution; in the processes of rinsing and diluting; in the 
stirring and dissolving operations.
Features in the student's performance used fo r  the grading
b - Experimental technique GRADE
e.g. that used in the handling of glassware and of materials; 
in the operations of dissolving, transfer, washing and V - /
dilution.
Features in the student's performance used fo r  the grading
Manual dexterity GRADE
e.g. in the general manner of performance and in the 
completion of the task.
Features in the student's performance used fo r  the grading
d - Orderliness GRADE
e.g. in the utilisation of bench-space and the organisation of ***.  
equipment. v - '
Features in the student's performance used fo r  the grading
Figure 3.3 (II) An exam ple  o f the intermediate mode.
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Section A - D issolution o f  the so lid  w ater
YES NO
a.i. Were the beaker and the stirring rod initially washed with Q j
distilled water?
a.2. After the transfer of the solid into the beaker, was the weighing /""N
bottle rinsed out with water?
N
b.3. Were all operations carried out in a manner which did not conflict 
with the quantitative nature of the exercise?
Section B - Transfer and dilution o f  the solution
o o
N
a. 1. Was the overall working sequence during the transfer of the C j
solution from the beaker into the volumetric flask logical and 
acceptable? ^
a.2. Was all glassware washed with distilled water, prior { j  ( j
to use?
a.3. Was a funnel used when transferring the solution from the beaker 
to the flask?
rOO
; y  n
d.2. Was apparatus no longer in use removed from the immediate O O  
working area?
Figure 3.3 (III) An exam ple o f  the check-lis t  m ode.
3.9.2 The Cognitive Processes in Practical Chemistry
Firs t  o f  all, it is p ruden t to m ention  that there are several ex p lan a t io n s  an d  
suggestions for how  to assess the pupil 's w ork  and report progress  do ing  a p rac t ica l  
investigation. Several process skills (cognitive and manipulative p rocesses)  w o u ld  be 
involved in tack ling  any practical investigation and therefore these skills  n eed  to be 
assessed. M oreover,  a pupil is more often asked to write his report abou t the prac tica l  
work which he or she has done, and again this report needs to be assessed.
3.9.2.1 Assessing Chemical Process Skills
In general, science process skills could  be divided into the ability to recognise and
79
describe the nature  o f  the prob lem  which is termed 'm acro  p rocess  skills ',  and  the 
ability to analyse the problem  into its com ponent parts which is term ed a 'm icro process 
s k i l l '11421.
A possible w ay o f  structuring chemical process skills is to co n s id e r  an idealised 
chemical problem . T hree  broad phases could  be involved1145* in such  p rob lem ; the 
planning phase, the im plem enting  phase and the conclud ing /eva lua t ing  phase . Each  
phase com prises  o f  a large num ber o f process  skills and m a jo r  su b d iv is io n s  are 
provided for assessm ent purposes. The interaction between the three phases  is seen in 
figure 3.4
In another study, Swain (1989>( 142) has divided the way in w hich  any  p rob lem  
could be tackled into three broad phases; "(a) the pre-operational phase  (the design or 
planning phase), (b) the operational phase (the implementation phase),  and (c) the post- 
operational phase (the concluding or evaluating phase)".
In figure 3.4, the p lanning  phases are d iv ided  into a n u m b e r  o f  subsk ills  on 
which practical p rob lem s m ight have some bearing. A pupil should  show  his progress 
in such skills and w ould  be assessed later on by his teacher. For ex am p le ,  the skill 
t o ' 146':
I - U nderstand which procedure or technique is needed to be adopted.
II - S e lec t  a p rocedure  out o f  several possib le  o th er  p ro c e d u re s  or
techniques because o f the nature of the problem and the practicability
w hich  includes safety aspects and resources.
III - D raw  and indicate a list of apparatus or chem icals  w hich are needed
to tackle such kind o f problem.
IV - Indicate how he intends to employ such apparatus or chem icals  in the
ex p e r im en t
V - Provide the sequence for the use of such chemical or apparatus.
80
Planning
Plan and organise simple 
experimental investigat­
ions to test hypotheses. 
Select appropriate appar- 
tus.
E xperim entation
Im plem entation
Follow instructions for practical 
work.
Handle and manipulate chemical 
apparatus and materials safely. 
Make accurate observations and 
measurements, being aware of 
sources of error.
Record accurately and clearly the 
results of experiments.
C oncluding/evaluating
Draw conclusions and 
make generalisations 
from experiments.
Figure 3.4 T he three interacting phases for any idealised  experim ent.
In the im p lem en tin g  phase, the pupil needs to show  h is ab ility  to fo llow  and  
co m p reh en d  in s tru c tio n s  re la tin g  to the im p lem en ta tio n  o f p ra c tic a l p ro c ed u re s . 
O bservational m ethods w ould be appropriate, to som e extent, fo r the assessm en t o f  this 
phase. It is im p o rtan t here to m ention that a lm ost all skills in v o lv ed  in th is phase  are 
considered to be m anipu lative skills w hich have been discussed  in the p rev ious section. 
H ow ever, a m e th o d *146 * w as suggested  for the assessm en t o f  such  a c rite rio n , is by 
using a 10 -p o in t sca le  and  by providing d iscrip to rs. A 10 -po in t asse ssm en t scale  is 
show n in table 3.3 (quo ted  from  Sw ain 's 1988*146)study).
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Table 3.3
10-poin t assessm ent scale for follow ing instructions
10 Follow s instructions, linear or b ranched, g iven
in any form at for an experim ent w ith several 
d istinct stages, w ithout help.
8 Follow s a set o f linear instructions given in any
form at w ithout help.
5 Follow s single step instructions, som e assistance
m ay be requested and given.
3 Follow s single step instructions often in a verbal
form at. Teacher contact time w ith pupil is high.
1 U nable to follow instructions w ithout m axim um
assistance.
( 146)In the co n c lu d in g /ev a lu a tin g  phase, the pupil w ill be req u ired  to p ro cess  and 
in terp re t re su lts , p re d ic t and d raw  conclusions. A lso , the p u p il m u st ev a lu a te  the 
validity/reliability o f procedures in accordance with the experim ental evidence.
T o be m ore precise, this phase needs the follow ing skills from  pupils:
I - H ow  to ca lcu la te  num bered  values from  data , co m p arin g  to  o th e r
kn o w n  d a ta  and  the pup il m ust then  be ab le  to tra n s la te  the 
inform ation  from  one form  into another.
II - H ow  to d ed u ce  data  from  graphs, tables, d raw ings..e tc .
III - H o w  to  m ak e  q u a lita tiv e  and q u a n tita tiv e  c o n c lu s io n s  a b o u t
in terre lationships within data.
IV - H ow  to struc tu re  generalisation  or ex p lan a tio n s  and  how  to m ake
pred ic tions based on data.
V - H ow  to eva lua te  the valid ity /reliability  o f  p ro ced u res  and  re su lts  in 
accordance w ith the experim ental evidence that the pupil has.
IV - H ow  to draw  eventually  final conclusions and how  to repo rt on the
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( 146 )in terp re ta tio n  o f data. T ab le  3.4 (q u o ted  from  S w ain 's  1988 
study) show s a possible form  (possib le desc rip to r) to be used fo r the 
assessm en t of this phase.
Table 3.4
D raw ing conclusions and m aking generalisations
10 Draws conclusions from  both qualitative and
quantitative data  and offers explanations. 
Evaluates procedures and resu lts and suggests 
alternatives w ithout help.
8 Draws conclusions from  both qualitative and
quantitative data and offers som e explanations. 
M akes attem pts to evaluate procedures and 
results w ithout help.
5 Draws som e conclusions from  both qualitative
and quantitative data and offers single 
explanations. Little attem pt to evaluate 
procedures and results. R equ ires help 
occasionally.
3 Draws few  conclusions from  data. Few
explanations offered. L ittle  understanding  o f 
evaluation. U sually  requ ires help.
1 Can only draw  conclusions w ith m axim um
help.
In d es ig n in g  scien tific  investigations, ed u ca to rs  w ould  be ab le em p h asise  any  
particu lar ph ase  required. In o ther w ords, looking at the w hole ind ividual in vestiga tion  
in general and  d iv id ing  its procedure into three phases, varied  scales could  be a lloca ted  
on the th ree  p h ases  o f the practical in v estig a tio n  in acco rd an ce  w ith the em p h a s is  
required fo r any particular phase. For exam ple, the m axim um  scores m ight be:
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Planning 3 P lanning 4
Im plem enting 4 or Im plem enting 3
C oncluding/evaluating  3 C oncluding/evaluating 3
It is no t the a im  o f the p resen t s tu d y  to illu stra te  how  each  su b -sk ill o r su b ­
d iv ision  o f ch em ica l p rocess sk ills  shou ld  be reco rd ed  in teachers ' m ark ing  books. 
H ow ever, L ock  and  W heatley  (1 9 8 9 )<147) hav e  suggested  fo u r sy stem s in w h ich  
pupils perfo rm ance on process, skill and criterion  m ay be recorded  for age 11 onw ards. 
These are; a task -cen tred  system; a skill-centred  system ; a criterion-centred  system ; and 
a tw o -s tag e  system . In ano ther study, L ock  an d  W h eatley  (1 9 8 9 ) '148) d e lin ea te  
another m eans o f reco rd ing  pupils' perfo rm ance, but in this m ethod  the assesso r is the 
pupil h im self.
U ltim a te ly , th e  d iv is io n  o f  any  e x p e r im e n ta l  w o rk  in to  th e  p la n n in g , 
im plem enting  and conc lud ing /evalua ting  phases does not m ean that such d iv ision  is a 
unique agreed  d iv ision , nor does it m ean that all literature readily  agrees about d iv id ing  
the ex p e rim en ta l w ork  into certain  three phases. In stead, there  are various stu d ies 
fo u n d (147, 148, 149) in lite ratu re show ing d iffe ren t phases or even  d iffe ren t term s fo r 
such phases in a d iv ision  of the practical investigation , and o f course various skills will 
be involved in any particu lar proposed phase.
3 .9 .2 .2  A s s e s s in g  the W ritten  R e p o r ts  o f  C h e m ica l I n v e s t ig a t io n s
In a labo ra to ry , the final procedure that pup ils m ay en co u n te r in do ing  p ractica l 
investigations is to subm it a w ritten report exp la in in g  the plan, p rocedure , resu lts, and 
co n c lu s io n s . F o r the  p u rp o ses  o f a sse ssm e n t, th ree  ty p es o f  re p o rt sh ee t w ere  
su g g es ted * 150* on  w h ich  teachers asked  p u p ils  w ho had  p e rfo rm ed  a p a r tic u la r  
investigation to describe  what they had done. T hese are:
I - T h e o p en -en d ed  (uncued) rep o rt sh e e t : T his type w as d esig n ed  to
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allow  pupils to report w hat they intend to say free ly (151) and w ithou t 
any in terference from  the teacher. It should m inim ise re s tric tio n s in 
articulating  w hat pupils have done. This type o f report w ould  provide 
pupils scope for creativ ity  and d iversity  as it allow s them  to exp ress 
freely their procedure and achievem ent. H ow ever, this type o f report 
m ay  n o t help  pup ils  w ho are less articu la te  o r those w ho have 
d ifficu lties in w riting reports because o f their lack o f language skills.
II - The specific focu sed  (fully cued) report sheer. T h is  ty p e  w as 
d esig n ed  to focus on a p articu la r investigation  concerned . It does 
allow  pupils to report th ings w hich are not required. In o ther w ords, 
pup ils  w ill be p rov ided  w ith a list o f questions w hich ask them  for 
specific  responses. Som e o f these questions are generic and m ay be 
repeated in other tasks or m ay be sim ilar across different investigative 
tasks. O ther questions are not task-specific and will not be rep ea ted  
across tasks. Pupils w ho are convergen t w ould favour such a type o f 
rep o rt sheet. B u ild ing  on this, fu lly  cued reports cou ld  be ideal for 
the ac h ie v e r and  co n sc ie n tio u s  p up ils  in acco rd an ce  w ith  th e ir  
m o tiv a tio n a l traits . "It shou ld  a lso  ca te r to those  w ho  are  less
e x p re ss iv e  by  n a tu re  o r th o se  w ith  a poor co m m a n d  o f  the
,  , , ( 150 )la n g u a g e
III - The broad focused  (partially cued) report sheet: T h is  type  w as 
d es ig n ed  as an in te rm ed ia te  sty le  betw een  the o th e r types. It is 
gen era lisab le  and  app licab le  to a w ide range o f in v estig a tio n s, yet 
"provides som e fo rm  of structure upon w hich pupils are able to m ake 
up a suffic ien tly  coheren t report"*150). The partia lly  cued  or 'b road ly  
cu ed ' re p o rt is ask in g  the pup il to w rite his ac co u n t u n d e r six 
sections w hich w'ould outline the overall stages com prising  a typ ical 
in v es tig a tio n . T h ese  sec tio n s  are; p re lim in ary  tria ls; p lan n in g ;
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p erfo rm ing ; com m unicating ; in terp re ting ; and feedback  d ec is io n s .
Such a type o f report w ould suit the less articulate pupils as it w ould  
p rov ide them  with a report sheet that focuses on the broad  areas o f 
decision-m aking  when pupils are perform ing  practical investigations.
It w ould  suit those pupils w ho can express them selves but need  som e 
guidance to carry on in their practical work. This type o f report sheet 
is show n in figure 3.5.
T oh and W oolnough  (1990)11501 believed  that the broad focused re p o rt sh ee t is 
applicable to a w ide range o f investigative tasks. Such a report scored high co rre la tio n  
coefficien ts w ith  the check list scores and therefore T oh and W oolnough  su g g ested  its 
reliability in ascertain ing  pupil perform ance in practical tasks. "M ost encourag ing  o f  all 
were the re su lts  fo r the 'broad cued ' report sheet. T hese  consisten tly  c o rre la ted  m o s t 
h igh ly  w ith  the ch e c k lis t sco res, w ith  a P earso n  P ro d u c t-M o m en t C o rre la tio n  
C oefficient o f  0 .8 ".
T oh and W oolnough  (1990)*150) have prescribed  such re p o n s  for use in p lace  o f 
the m uch m ore laborious one-to-one observational checklist. It cou ld  be d e s ig n ed 11511 
to m atch the general criteria o f the different G C SE  syllabia, and could provide a fru itfu l 
com m on basis  fo r teach er m oderation  and  co n v en ien t ev id en ce  fo r the ex a m in in g  
boards.
H o w ev er, the b road  focused  report sheet is fo u n d 1151 * to be u n su itab le  to m ee t 
the needs o f p u p ils  w ho have d ifficu lties in exp ressing  them selves in w riting . A lso , it 
does no t m ee t the re q u irem en t o f the h ig h er lev e ls  o f  a tta in m en t in th e  n a tio n a l 
curricu lum  science since the latter w ould requ ire  pup ils  to w rite ex ten d ed  rep o rts  fo r 
practical investigations and with an em phasis on using o f their ow n w ords.
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R E P O R T  SH E E T
(You m ay use the blank space on the reverse side o f this sheet if you find the space 
provided for any o f the sections insufficient)
PREL IM IN A R Y
TRIA LS
D e sc rib e  any  p re lim in a ry  tr ia ls  y o u  d id  b e fo re  
starting  on the investigation.
P L A N N IN G D escrib e  your orig inal plan, and any ch an g es  if  you  
m o d ified  the orig inal plan during  the co u rse  o f  the 
investigation.
PE R F O R M IN G D escribe  w hat you did.
W hat w ere the m easurem ents you took?
W h a t d id  you do to ensure the m easu rem en ts  w ere 
accurate?
C O M M U N IC A T IN G M ak e  a c le a r  reco rd  o f th e  re a d in g s  o f  y o u r  
m easurem ents.
IN T E R P R E T IN G W h at conclusions did you draw  from  y o u r resu lts?  
D escribe w hy you reached that conclusion .
H ow  confident are you about your in terp re ta tion?
(explain any uncertainty you m ay still have)
FE E D B A C K  If  you w ere to do this again, how  w ould  you change
the investigation?
F igure 3.5 T he broad focused  (partia lly  cued) report s h e e t .
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3.9.3 T h e  A s s e s s m e n t  o f  M in i -P r o j e c t s
B ecause m in i-p ro jects are a new  practical e lem ent proposed  for S tan d ard  G rade 
C hem istry  at Scottish  secondary  schools, the assessm en t o f such p ro jec ts  is still in 
progress. H ow ever, it is hoped*152* th a t a ssesso rs , in assessing  m in i-p ro jec ts , w ill 
place special em phasis on "assessing abilities w hich are peculiar to it ra ther than m erely  
repeating assessm ent procedures carried  out elsew here".
The researcher o f the present study also in tends to work out a m ethod (a proposed  
m ethod) for assessing m ini-projects. This m ethod  will be discussed in the practical p a n  
of the study  (future chap ters), em ploy ing  resu lts  from  psychology fo r the assessm en t 
purposes.
N ev erth e less , in an u n p u b lish ed  study*152*, an assessm en t m eth o d  fo r m in i­
pro jects w as p ro p o sed  fo r the b en e fit o f  the S tandard  G rade C hem istry . T he m ain  
p rocedure  o f th is  m eth o d  is to c a te g o rise  m in i-p ro jec ts  as G e n e ra l ' and  'C red it' 
accord ing  to their level o f  d ifficu lty  ( 'o p en -en d ed ' p rojects should  not be in c lu d ed ). 
Each pupil is required  to solve four m in i-p ro jects starting w ith a sim ple one (G eneral). 
The four p ro jects w ere suggested*152* to be carried  out w ithin the tw o y ea rs  in w hich  
p ractical w ork in chem istry  m ay take place. T he w ords 'pass’ and 'fail' are su g g ested  
as cho ices or dec isio n s fo r the pupils ' ach iev em en t in the pro jects. T he schem e th a t 
w ould ind icate  pup ils ' p rog ress in tack ling  m in i-p ro jects  is show n in figu re  3.6. T he 
teacher w ill have a copy  o f  the d iag ram  (figure 3.6) for each pupil. He m ay tick  'P' 
(pass) or 'F' (fail) in accordance w ith the pup il's  ach ievem ent in projects.
LEVEL OF AW AR D
LEVEL 1
c
LEVEL 2
c
c
L E V E L 3
c LEVEL 4
G
G LEVEL 5
G
N O  AW AR D
c
G
G
C = M in i-p ro jec t o f  ’C red it’ standard  
G  = M in i-p ro jec t o f  'G eneral' standard 
P = Pass 
F = Fail
Figure 3 .6  T he p ro p o sed  schem e for the aw ard o f G rad es1152).
3.10  S u m m a r y
T his chap ter w as in tended  to highlight the im portance of doing p ractica l p ro b lem ­
solving investigations in chem istry  by school pupils. W orking in a lab o ra to ry  m u st not 
be rec ipe-fo llow ing , bu t m ust aim  to bring to fruition pupils ' c rea tiv ity , im ag in a tio n , 
self-determ ination, and  p ractical and intellectual skills. M otivation in schoo l sc ience is 
not guaran teed  by s im p ly  d o in g  p ractica l w ork, therefore, ed u cato rs  sh o u ld  p ro v id e  
such w ork w ith in te re st and  ex c item en t, and allow  learners a m easure  o f  se lf-d irec ted  
investigation.
U n fo rtu n a te ly , the p rac tica l w ork  in chem istry  w hich  has been  c o n d u c te d  in 
secondary  sch o o l sc ien ce  is s till reco g n ised  as ill-co n ce iv ed  an d  u n p ro d u c tiv e .
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Therefore, a new look at the construction  o f schoo l’s practical ch em istry  sy llab i w ould  
be essential in order to underline  w hat is required , and what schools ' learners, in term s 
of m otivation, m ay require.
A practical investigation  could have four phases to reach a solution; the p lann ing  
and design phase; the perform ance phase; the analysis and in terpre tation  phase; and the 
application phase. T he learn er is required  to use his intellectual and p rac tica l skills in 
order to tackle any practical p roblem  passing through those four phases.
O pen-ended , c lo sed -en d ed , and pseudo open-ended are th ree d iffe ren t types o f 
practical investiga tions w hich  have been nam ed according to their o u tco m es (open , 
closed, or both). O pportun ity  for open-ended practical investigation m u st be g iven in 
the ch e m is try  sy llab u s  o f  sch o o l sc ien ce  to d ev e lo p  le a rn e rs ’ k n o w le d g e  and  
understanding.
M in i-p ro jec ts  are  a new  p rac tica l e lem en t in school ch em is try  a im ed  at the 
stim ulation  o f  learners ' m o tiv a tio n a l tra its  tow ards creativ ity , and  are e ssen tia l fo r 
thought processes. Such p ro jec ts  are m ore likely to be studen t-cen tred  and  vary from  
open-ended  to c lo sed -ended  w ith  a connection  to everyday based  p ro b lem s and real 
world sim ulation  p rob lem s. An im portan t feature in m in i-p ro jects is th a t the learners 
them selves take con tro l o f  experim ents, bring ing  a new m ode o f p rac tice  in p ro b lem ­
solving chem istry.
V arious view s, in assessing  practical problem -solving in chem istry , can be found  
in the literature. In general, tw o d ifferen t sets o f skills should be em p lo y ed  by learners 
in any practical problem  situation; the m anipulative processing skills; and the intellectual 
processing  skills. O nce  aga in , various assum ptions can be fo u n d  in asse ss in g  such  
skills these  include the assessm en t o f learners ' w ritten  reports. T h is  p re sen t s tudy , 
how ever, in tends to app ly  a genu ine  assessm en t m ethod  fo r m in i-p ro jec ts  fo r the  
purpose o f this research.
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CHAPTER FOUR
T H E  M E T H O D O L O G Y  W H IC H  IS E M P L O Y E D  IN O R D E R  TO  
M E A S U R E  T H E  P U P IL ’S P S Y C H O L O G IC A L  F A C T O R S  
4.1 I n t r o d u c t i o n
In th is ch ap te r, a tten tion  w ill be paid to the test m eth o d o lo g y  w hich  has been 
em ployed in the p resen t research at the psychology phase.
S e v e ra l  m e th o d s  w e re  u sed  in p sy c h o lo g y  in  o rd e r  to te s t  F ie ld -  
D ependence/F ield-Independence, C onvergence/D ivergence, and M otivation o f learners. 
The researcher, how ever, in tends to apply some m ethods that have been deve loped  and 
m odified  by h im se lf o r by o ther researchers at the C en tre  fo r S c ien ce  E d u ca tio n  at 
G lasgow  U n iv ers ity . T he re su lts  o f using  such m ethods and  m easu rem en ts  on the 
research sam ple w ill be d iscussed  in the next chapter.
The research  w as conducted  upon Standard Grade pupils at the secondary level o f 
education in Scottish  schools while they w ere doing the chem istry  course as part o f  the 
Standard G rade requirem ents.
4.2 Xhf-SchpQl Pupil Sample
In 1989 an attem pt w as m ade to select a sam ple o f pupils from  Scottish  secondary  
schools. T he in ten tio n  w as to find  out w hich schools have been  in v o lv ed  in a new  
chem istry  co u rse  { rep lac ing  the O 'G rade (O 'level in E n g lan d )}  w h ich  is c a lle d  
Standard G rade C hem istry. T he schools w hich w ere chosen  are in the C en tral R egion  
of Scotland. T able 4.1 show s these schools with the num ber o f partic ipants. It is w orth
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m entioning here that the original total num ber o f the sam ple w as above 300 pupils, but 
due to the d ifficu ltie s  o f getting  all o f them  to fo llow  and c o m p le te  ev e ry  s in g le  
procedure applied in the research, only 217 pupils eventually m ade up the total num ber 
since they had fully  com pleted  the procedure for the com pletion o f the p resen t study.
Table 4.1
T he schools selected as the sam ple for the study
S e lec ted  sch o o ls N o. o f  p u p i l s
Denny High School 53
Lom shill Academ y 49
Stirling High School 44
B annockburn H igh School 30
W allace High School 41
T ota l 217
The first experim en t w hich w as carried out in schools, after selec ting  a sam ple for 
this research , w as the m easu rem en t o f som e psycho log ica l fac to rs. T h e  re sea rc h e r 
in tended  to keep  a re co rd  fo r each  pup il d isp lay in g  h is /h e r  p e r fo rm a n c e  an d  
achievem ent in every  single procedure applied.
4.3 T h e  M e a s u r e m e n t  o f  F ie ld -D e p e n d e n c e /F ie ld - I n d e p e n d e n c e
The first test app lied  to the sam ple is called the H idden  F ig u res  T es t (H F T ). It 
a im ed(1) to m easu re  the  p u p ils  deg ree  o f f ie ld -d e p en d en c e /fie ld -in d ep e n d en ce . A 
sample o f this test is to  be found in the appendix 1.
The basic p u rpose  o f this test is to place pupils along a co n tin u u m  ran g in g  from  
very fie ld -dependen t to  very field-independent. This distribution  w as then  d iv id ed  into
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three categories:
I - F ie ld -d ep en d en t pupils w ho m ay be defined  as p up ils  w ho w ou ld
find  d ifficu lty  or be unable to d iscrim inate a requ ired  item  from  its 
contex t.
II - F ie ld -in d ep en d en t pupils w ho m ay be defined  as pup ils w ho w ould
be able to d iscrim inate a required item  from  its context. It is possib le  
to say th a t fie ld -independen t pupils m ay separate  the 's ignal' from  
surround ing  distracting 'noise' w ith greater ease than fie ld -dependen t 
pupils w ho m ay encounter d ifficulties in such a process.
Ill - F ie ld -in te rm ed ia te  pupils who m ay be located in betw een  the above 
tw o categories along the continuum  ranging.
4.3.1 A Description of the Hidden Figure Test (HFT)
T h is  test has been  d esig n ed  depend ing  upon W itk in 's  w o rk a5 , 21' 29, 30). T he  
HFT com prises o f 18 com plex  figures, apart from  another 2 figures used as exam ples. 
There are 6 sim ple geom etric  and non-geom etric shapes w hich are em bedded  in the 18 
com plex figu res (one sim ple shape in each com plex  figure) and  p up ils  m ust iso la te  
these shapes.
2 E x am p les are used  in the first two pages o f the H FT  booklet. 6 S im ple shapes 
(geom etric/non-geom etric) are located in the third page o f the test booklet as a specim en 
of the type to be found . P up ils  are requ ired  to find  a h idden  s im p le  shape in each  
com plex figure. T hey  m ust then outline and trace it in pencil or pen aga inst the lines o f  
the com plex figure.
4.3 .2  W h a t  C o n d it io n s  in th e  H F T  sh o u ld  be F o l lo w e d ?
T here are certain  conditions in the H FT w hich need to be follow ed:
93
* the sim ple shape has to be found in the sam e size, sam e p ro p o rtio n s , 
and the sam e o rien ta tio n  w ith in  the com plex  fig u re  as w hen  it 
appeared alone in the third page (the given specim en).
* the pupil is not allow ed to use a ru ler or any o ther m eans to m easure  
the size o f the sim ple shape in the com plex figures.
* there is m ore than  one sim ple shape em bedded  in som e co m p lex  
figures but the pupil is required  to locate only the sim ple shape w hich 
is in the sam e proportion, size, and orientation as the specim en. If the 
pupil finds m ore than  one co rrec t answ er (one co m p lex  fig u re  has 
m ore than one correct answ er), then he is required to trace on ly  one.
* the test booklet should be collected from  the pupils after 20  m inutes.
The basic m ark ing  schem e w hich w as used for the H FT w as to g ive  one m ark  fo r 
each correct com plex  figure found by the pupil. The over-all sum  o f  these  m arks is 
calculated to ascertain  the total m ark which each pupil gained. The m ax im um  m ark  that 
can be obtained is 18 since the test com prises o f 18 com plex figures. T he H F T  scoring  
key is to be found in the appendix  2 .
4.3.3 T h e  A p p l ic ation  o f  H FT  to  the S am p le
Pupils w ho a ttem p ted  the H FT  w ere d iv ided  into three ca teg o rie s  acco rd in g  to
their scores; fie ld -dependen t; field-in term ediate; and fie ld -in d ep en d en t pup ils. Such  a
classification o f  p up ils  is show n in table 4.2. The distribu tion  o f the H F T  total scores
for the sam ple is exh ib ited  in figure 4.1. T he criterion used fo r such  d iv is io n  is b ased
(7) (9)upon the m eth o d  w h ich  w as em p lo y ed  by C ase , S ca rd am a lia  , an d  C ase  and  
G lo b e rso n (42>.
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Table 4.2
Classification of the sam ple
G r o u p No. o f  p up ils
F.D. 63
F.Int. 73
F.I. 81
T o ta l 217
30 -|
25 -
a
20 -
F.I.F.D.
20
SCORE
7.35
M ean score 8.915.79
M inus 0.5 S.D . P lus 0.5 S.D .
S.D. Standard D eviation
F ig u re  4.1 T he d istribu tion  o f H FT  total scores fo r the sam ple.
T he sim ple applica tion  o f the criterion is to consider pupils w ho scored  m ore than 
half a s tandard  d ev ia tio n  above the m ean score as fie ld -independen t, w h ile  pup ils w ho
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scored less than h a lf  a s tan d ard  dev iation  below  the m ean sco re  w ere considered  as 
fie ld -dependen t. T he p u p ils  w ho scored  in betw een ±  0.5 s tan d a rd  d ev ia tio n  w ere 
considered  as f ie ld -in te rm ed ia te  (although this research is no t e ssen tia lly  con cern ed  
with this in term ediate category  o f pupils).
4.4 Tests  for the A ss ignm ent o f C onvergent/D ivergent T h in k in g  Styles
H aving  m easu red  the d eg ree  o f f ie ld -d e p en d en c e /fie ld -in d ep e n d en ce  o f  the 
sam ple, the focus o f the  research  shifts to the assignm ent o f p u p ils ’ co n v e rg en t and 
divergent thinking styles.
T he m ain purpose o f such an assignm ent is to classify  pup ils into those who have 
the ability  to be m ore d iv erg en t th inkers ra ther than con v erg en t th inkers as d iv erg en t 
thinkers w ould  be m o re  likely  to give a g rea ter variety  o f an sw ers  to each  question . 
Based upon H u d so n 's  (1966) w o rk (19>, C hild  and S m ithers (1 9 7 3 )(48> d is tin g u ish ed  
convergent thinkers by their high achievem ent in problem s requiring  one conventionally  
accepted so lu tion  w h ich  is ob ta inab le  from  the given in fo rm atio n  (as in in te lligence  
tests). M eanw hile , co n v erg en t pupils w ould be m ore likely to have a m ore  d im in ished  
ability than d iv erg en t p u p ils  in prov id ing  a variety  o f answ ers to each  question . T he 
convergent th inkers w o u ld  ob tain  low scores in problem s req u irin g  the gen era tio n  o f 
several equally acceptab le solutions (as in d ivergent thinking test)
4.4.1 The Description of Tests
(19)T his study is b ased  upon H udson 's orig inal w ork. T h e  re sea rc h e r d esig n ed  
six m ini tests in w h ich  each  is a llow ed  a lim ited  tim e fo r co m p le tio n . T he pup il is 
required to w rite as m any  answ ers as possible for every question he is given:
I - T est T. T h is  test w as designed  in order to find ou t the pup il's  ab ility  
to th in k  o f as m any  d iffe ren t w ords as possib le  h av in g  the sam e or
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sim ila r m ean ing  to the one w hich is given. M oreover, an ex am p le  is 
p ro v id e d  a t the beg inn ing  o f the tes t to c larify  w hat the pup il is 
req u ired  to do. The tim e lim it w hich has been set up for this test is 5 
m inu tes.
II - T est 2: T he  pupil is asked in this test to w rite as m any sen tences as
p o ss ib le  com prising  o f four g iven specific  w ords in each  sen tence. 
T h ese  g iven  w ords should be used in any constructive sentence in the 
sam e o rd e r in w hich they were w ritten  in the test. A gain, an exam ple 
is p ro v id ed  at the beginning of the test, and 5 m inutes is set as the time 
lim it fo r such a test.
III  - T e s t 3: M o st co n v e rg en t/d iv e rg e n t tests  are v e rb a l, so th a t the
research er decided  to involve at least one pictorial test. It is p ruden t to 
m en tio n  th a t verbal tests co u ld  p ro v e  arduous fo r som e p u p ils , 
e sp e c ia lly  those  w ho have d ifficu lty  in language  o r w ritin g  and 
therefo re  p ictorial tests m ay be considered  as an opportun ity  for such 
p u p ils  to express easily  their ow n ideas and im aginations. In test 3, 
the p u p il is requ ired  to  draw  up to five sym bols fo r each  w ord  o r 
ph rase  g iven . 5 M inutes is set as the tim e lim it fo r this test, and one 
exam ple  is provided to illustrate the test.
IV  - T est 4: T h is  test is in tended to re flec t pupils ' th ink ing  ab ility  abou t
subjects. T he pupil is asked to w rite all the things "w hich are round  or 
w hich  are round m ore often than any other shape". The tim e lim it is 3 
m inutes, and the pupil is given an exam ple at the beg inn ing  o f the test 
to illustra te  w hat is required of them .
V - T est 5 : It is sim ilar to test 4 in re flecting  pupils th ink ing  ab ility . T he
pup il is requ ired  to think about various w ords w hich begin  w ith the
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le tte r G and end  w ith the le tter T, nam es o f people or p laces are no t 
allow ed. An exam ple is given for this test, 4 m inutes is set as the tim e 
lim it for the com pletion.
VI - T est 6: It is a free-im agination  test. Pupils are g iven  a specific  topic 
an d  ask ed  to w rite as m any ideas as they can  ab o u t such a topic 
w ith o u t any  restric tio n s . T h is test m ay m ake d em an d s  upon the 
p u p ils ' ab ility  in co m p o sitio n  and im ag in a tio n . A n ex am p le  is 
p rov id ed  at the beginning  o f the test, and 4 m inutes is set as the tim e 
limit.
T he tim e a llocated  for the 6 convergent/divergent tests is 25 m inutes. One m ark  is
(19)
given for every  single correc t response, and the highest possib le  score that cou ld  be 
gathered in th ese  tests  is 130. A copy o f  the co n v erg en t/d iv erg en t tests is show n in 
appendix 3. M o reo v er, som e selected  in teresting  responses from  pup ils  in such tests  
are to be d isp layed  in the appendix  4.
4.4.2 T h e  D iv is io n  o f  th e  S a m p le  in to  C o n v e r g e r s  a n d  D iv e r g e r s
T he p re sen t study is not in tended to draw  differen t ca teg o ries  am ong its sam ple  
concerning co n v e rg en t and d ivergen t thinking styles, as this m ay be found in H u d so n ’s 
(1 9 6 6 )(19) w o rk .
Instead , p u p ils  w ill be considered  as high achievers (m ore likely  to be d iv erg ers) 
or as low  a c h ie v e rs  (m o re  lik e ly  to be convergers) reg a rd in g  th e ir  scores in  the  
convergen t/d ivergen t tests. T ab le  4.3 show s the pupils ' scores in such tests w ith th e ir 
c la s s if ic a tio n  in to  c o n v e rg e rs  and  d iv e rg e rs . A lso , th e  d is tr ib u tio n  o f  th e  
convergent/d ivergent tests total scores for the sam ple is shown in figure 4.2.
T he m ean score (49.9) w ill be regarded as a crucial po in t betw een  m oving  from  
convergent th in k in g  into d ivergen t th ink ing  styles or visa versa. T herefo re , m oving  up
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from  the m ean  score along w ith the d irec tion  o f  the up p er arrow  (num ber o f p u p ils  
involved = 111) w ould  represent pupils o f h igher convergent th inking  style rather than 
d ivergen t th in k in g  style, w hile in m oving  dow n from  the m ean score along w ith the 
low er arro w  (n u m b er o f pupils involved  = 106) w ould  rep resen t pup ils o f s tro n g e r 
divergent th ink ing  style rather than convergent thinking style.
T he sam e idea is to be found in figure 4.2. M oving left along  w ith the left arrow  
m eans the sub jects  are m ore convergent w hile m oving right along w ith the righ t arrow  
m eans the subjects are m ore divergent in thinking styles.
T able  4.3
Pupils scores and classification in the convergent/d ivergent test
Scores
0 * — ►  9 0
1 0 * —►  19 2
2 0 * —► 29 9
30 — ► 39 43
40 * —► 49 57
50 * — ► 59 56
60 * — ► 69 33
7 0 * — ► 79 13
8 0 * — ► 89 3
9 0 * —► 99 001oo 1
1 1 0 ^ - ^ . 1 1 9 0
120 * —► 130 0
Total
Frequency
217
Classification
C onvergent thinking
t
No. o f pupils involved  = 1 1 1
I
 M ean  s c o r e  = 4 9 .9
I
No. o f pupils involved  = 106
Divergent thinking
217
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Figure 4.2  T he d istribu tion  o f the convergent/d ivergent tests total scores fo r the
sam ple.
4.5 T h e  M e a s u r e m e n t  o f  the S am p le  M o t iv a t io n a l  C h a r a c te r is t ic s
T he n ex t ph ase  in the p resen t research is to d iv ide the sam ple o f th is study into 
four p o ssib le  g ro u p s regard ing  pupils' m otivational characteristics. B ased  upon som e 
work w h ich  w as do n e  by A dar (1969)<21) and by H ofstein and  K em pa ( 1985)<22>, the 
Centre fo r S c ien ce  E duca tion  at G lasgow  U niversity  p ro d u ced  a series o f tests  fo r 
m easuring the m otivation  factor.
4.5 .1  W h a t  is th e  N a tu re  o f  the O rig ina l M o t iv a t io n  T est?
T he o rig in a l test w hich w as designed for the purpose o f m easu ring  the studen ts '
(21)
m otivational tra its  o r p re feren ces  can be found in A d ar’s (1969) w ork. T h is  test 
was used  aga in  in M artin  D iaz 's (1990) research. The m ain m ethod  o f such a test is 
to ask s tu d en ts  to selec t a certain  num ber of statem ents (concern  s tudy ing  at schoo ls)
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from  a huge n u m b er o f statem ents d isp layed  (as m any as 80) w hich m ay best d esc rib e  
the studen ts ' feeling . Such statem ents are in tended  to indicate a student's m o tiv a tio n a l 
preferences or characteristics.
T h ere  are fo u r d iffe ren t groups o f s tatem ents re la ted  to the four m o tiv a tio n a l 
patterns w hich  have been suggested:
* the a ch iever  p u p il  who has a d istin c t preference for an expository ' 
m ethod  of teaching and learning. H e enjoys the challenge com peting  
w ith others for top m arks and hates being held back by a teacher w ho 
has to deal w ith slow  pupils. T he  ach iever pupil seem s apa the tic  
tow'ards any special interaction in learning.
* th e  c o n sc ie n tio u s  p u p il  w ho  w o u ld  also d isp lay s  a d is t in c t  
p reference for an expository m ethod of teaching and learning. B u t he 
also  w ants to know in advance the aim s and goals o f the w ork th a t he 
w ill be involved in with precise instructions w hich will allow  h im  not 
to  m ak e  m istakes. H e w ill no t p a rtic ip a te  in any  u n n ecessa ry  
activ ities during exam  time.
* the  curious pup il who m ay be assum ed to have a strong p reference 
fo r d iscovery  and problem -solving activities. He prefers open-ended  
learn ing  tasks, likes to fellow  his own practical ideas rather than rig id  
instructions.
* the  so c ia l p u p il  who seem s to be very  sociable in all his ac tiv ities . 
E v en  du rin g  his stud ies, he p re fers  to study w ith friends and  to 
d iscu ss  p rob lem s together. H e is often too invo lved  w ith ex tern a l 
w orld  to com m it h im self to consistent studying.
In the o rig inal m otivation test, every  single statem ent w as scored by ev e ry  pup il 
on a five p o in t scale  giving rise to a set o f ord inal num bers. T hese  o rd inal n u m b ers
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were then trea ted  like card inal num bers and averaged  to give a score w hich  a lloca ted  
each pupil to one o f the four categories.
T h is  m ethod , from  the above descrip tion , is obv iously  long. T he s tu d en t m ay  
easily  get b o red  once he realises the num ber o f s ta tem en ts invo lved  in  the test, in 
addition to the length  o f tim e w hich such a test requires. A nother po in t o f  c ritic ism  o f 
such a m eth o d  is that the num bers that have been used to agree or d isag ree  w ith any 
statem ent are ordinal num bers w hich could be defined as labels o f som e sort o f  order in 
a s ituation  in w h ich  the in tervals are not necessarily  even ly  spaced and so can n o t be 
used in a rith m etica l operations. The total score o f  each student's responses sheet w as 
treated as a ca rd in a l num ber or as a real num ber w hich is capab le o f  all a rith m etica l 
operations. For exam ple , a choice of 4 for one statem ent cannot be tw ice as valuable as 
2 for ano ther statem ent. A verages become m eaningless.
4 .5 .2  T h e  In itia l M otiva t ion  T est in t he P resen t  S tu dy
B eing  aw are o f the deficiencies of the original m otivation test, attention w as given 
to the in v en tio n  o f a new  test w hich m ay be m ore re liab le  and m ore p rac tica l for age 
group o f ch ild re n  in secondary  schools. T h erefo re , our in itial m o tiv a tio n  tes t w as 
designed to have a m axim um  o f 16 statem ents in boxes. T hese statem ents shou ld  have 
a co n n ectio n  w ith  the pupils study at the school. E very  fou r sta tem ents w ere used  to 
define  on e  g ro u p  o f  the fo u r m o tiv a tio n a l g ro u p s  o r p a tte rn s  (th e  a c h ie v e r , 
consc ien tious, cu rio u s, and social). The pupil w as sim ply  asked  to se lec t up to f i v e  
sta tem en ts w h ich  he /sh e  th o u g h t m ost ap p ro p ria te ly  co rre la ted  w ith h is /h e r  ow n 
feelings a b o u t s tudy ing . A sam ple of this test is show n in figure 4.3. F ig u re  4 .4  
displays the m otivational pattern  (group) involved in every  single sta tem ent in the test. 
The in itial m o tiv a tio n  test w hich was conducted in schools w ith the d istribu tion  o f  the 
sample are show n in table 4.4.
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Figure 4.3 The initial motivation test which was used in the study.
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Figure 4.4 The motivational patterns in the initial motivation test.
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T able  4.4
The distribution o f the sam ple over the initial m otivation test
M otivational
patterns
N um ber of pupils
The achiever 9
The conscientious 68
The curious 12
The social 36
No pattern  * 78
No attendance 14
Total 217
* Pupils w ho are categorised as not belonging to any particular m o tiva tional
pattern  (2 :2 : 1).
T he m arking  schem e w hich was used in this test is as the follow ing:
I - T he pupil w ould  be d esc rib ed  as an ach iev er if  he se lec ted  th ree
statem ents or m ore w hich represent achiever ch a rac te ris tic s .T h at is if 
he selected; (i) four achiever statem ents plus a statem ent from  an o th er 
pattern  (4:1) or (ii) three achiever statem ents plus tw o o th er sta tem en ts 
w hich represent one o r tw o patterns (3:2 or 3:1:1) o r (iii) tw o ach iev er 
s ta tem en ts  p lus one s ta tem en t from  ea ch  o f the rem a in in g  th ree  
patterns. T he pupil w ould  be described as a consc ien tious, cu rio u s , o r 
social if he selected  statem ents w hich concerned  such m o tiv a tio n a l 
p a tte rn s  by the sam e w ay as in the g iven  ex am p le  (th e  a c h ie v e r  
exam ple).
II - If the pupil se lec ted  tw o s ta tem en ts  w hich  re flec t, fo r  e x a m p le ,
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ach ie v e r ch a rac te ris tic s  and  tw o o th er s ta tem en ts  w h ich  re fle c t 
co nsc ien tious charac teristics  and a statem ent w hich  reflects cu rious 
characteristics (2 :2 : 1), such a pupil will be described  not belonging  to 
any particular pattern o f m otivation (w ill not be categorised).
III  - T he p u p ils  w ho are ca te g o rised  (2 :2 :1) as no t b e lo n g in g  to any
p articu la r m otivational pa tte rn  (no t a c lear one) w ill be trea ted  as 
ho lding m ore than one obvious  m otivational pattern  w hich have been 
overlapped betw een them.
IV  - H aving  described any pupil in the sam ple as an achiever, for exam ple ,
(from  w hat he/she selected  o f  statem ents) does not m ean that such a 
pupil has only one ach iever m otivational trait, but could  have ano ther 
overlapped  trait w hich w as less dom inant. It is qu ite  possib le  that the 
restric tion  o f the test did no t allow  the pupil to exp ress his fee lings 
fully .
F ro m  the ana lysis o f the resu lts, a p rob lem  w as recogn ised  in d esig n in g  such  a 
test. S om e statem ents w ere found to be m ore appealing  to the pupil and m ay thus have 
been se lec ted  m ore  o ften  than o thers. In ad d itio n , all s ta tem en ts  in the te s t m ay  
represen t d iffe ren t types o f ac tiv ity , such as the classroom , labora to ry , social life , and  
innovation , w hich  have been d raw n to g eth er random ly. The re search er b e liev es  that 
such ra n d o m  d is tr ib u tio n  o f the s ta tem en ts  m ay have co n fu sed  p u p ils  and  th u s 
prevented the partic ipant from  selecting those m ost appropriate and suitable.
4 .5 .3  T h e  S e c o n d  M o t iv a t io n  T es t
B eing  aw are o f som e deficiencies regard ing  the first test o f m otivation  as stated  in 
the p re v io u s  sec tio n , the re sea rch e r in ten d ed  to  m od ify  the te s t in to  a fre sh  an d  
stim ulating fo rm at w hich m ay have a better chance o f representing p u p ils’ m o tiva tional
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patterns:
I - The first a ttem pt w hich was m ade concerning such m odifications w as
to exam ine the 16 statem ents used in the test. T hroughout a sim ilar test 
adm in iste red  on a se lec tion  o f pupils in another school, it w as found  
that som e statem ents have been indeed selected m ore often  than others 
w h ich  m ig h t su g g e s t th a t such  s ta tem en ts  m u st be m o d ified . 
T herefore, a certa in  num ber o f statem ents were changed  o r m od ified  
hoping to p resen t s tatem ents o f equal im portance or s treng th  fo r the 
pupils.
I I  - The second attem pt w as to insert som e pictures and pictorial characters
in the test in o rder to give it a m ore in teresting  appearance. T he 16 
d isplayed statem ents w ere draw n in the test as if narrated  by d ifferen t 
characters (m ales and  fem ales). The pupil is required to identify  w hich 
ch arac te r m ost c lo sely  app rox im ates to h is/her feelings in w ha t the 
character says in the statem ent.
I I I  - A n o th e r im p o rta n t ch a n g e  w as in se rted  in to  the sh ap e  o f  the
m otivation  test. T he statem ents o f  the test represented  d iffe ren t types 
o f ac tiv ity . T he  16 s ta tem en ts  th e re fo re  w ere d iv id ed  in to  fo u r 
d iffe ren t c a te g o rie s  o f ac tiv ity ; (i) abou t c lass w o rk  (ii) ab o u t 
labora to ry  (iii) ab o u t d isco v ery  learn ing  (iv) and ab o u t socia l life. 
F o u r d iffe re n t s ta tem en ts  (fo u r d iffe ren t m o tiv a tio n a l p a tte rn s) 
co n cern in g  each  ca teg o ry  w ere used  in each h o rizo n ta l row  (fou r 
horizontal row s accord ing  to the four d ifferent categories o f  activity).
IV  - T h ree  d iffe ren tly  co lo u re d  v ers io n s  o f the m o tiv a tio n  te s t w ere
p ro d u ced . T h e  sam e ch o ice s  w ere o ffe red  bu t w e re  sc a tte re d  
differently  in each version. T his had tw o purposes (i) to check  that the 
position  o f each statem ent was im m aterial and (ii) to p reven t copy ing
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betw een  neighbours.
T h e  pupil w as sim ply  asked  to read  the statem ents in each row  (a c a te g o ry  o f 
activ ity) and  to g ive the nam e of the charac ter who has an opinion m ost like the pup il's  
own. A sam ple o f  this test is show n in figure 4.5. The m arking schem e w hich has been 
used in the test is as follows:
I - T he pup il w as reg ard ed  as, fo r exam ple , an ach iev e r if  h e /sh e
described  h im self/herself as an achiever in the four d ifferen t ca tegories 
(four row s) o f activ ity  (4:0).
I I  - T he pup il w as still re g a rd e d  as an ach iev er if he /she  d e sc r ib e d
h im se lf /h e rse lf  as, fo r ex am p le , an ac h ie v e r in th re e  d if fe re n t 
categories (three row s) and as a social in the rem aining one (3:1).
I I I  - T h e  pup il w as reg ard ed  as, fo r exam ple , an ac h iev e r if  h e /sh e
d esc rib ed  h im se lf/h e rse lf as an ach iever in tw o d iffe ren t ca teg o rie s  
(tw o row s) and as a social and  a curious in the o ther tw o ca teg o rie s  
(tw o row s) in the test (2 :1: 1).
IV  - The pupil w as regarded as not belonging to any m otivational pattern  if
he/she described  h im self/h erse lf as, for exam ple, an ach iev er in tw o  
d iffe re n t ca teg o ries  and as a cu rio u s in the o ther tw o re m a in in g  
categories (2 :2 ).
V - The pupil w as regarded as not belonging to any m otivational pattern  if
he/she d esc rib ed  h im se lf/h e rse lf as, fo r exam ple , an ac h ie v e r in a 
category , a curious in an ano ther one, a conscientious in the th ird  one, 
and as a social in the rem aining category ( 1:1:1:1).
T ab le  4.5 show s the d istribu tion  o f the sam ple over the m odified  m o tiv a tio n  test. 
The num ber o f pup ils w ho d id  not attend this test is due to the nonpartic ipa tion  o f  one 
school in the test.
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Figure 4.5 T he second motivation test (m odified version) used in the study.
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T he m odified version o f the m otivation test has been m ore successful trial than the 
initial test in separating the pupils ' m otivational patterns w ith less overlapp ing  betw een 
patterns for any
individual pupil. H ow ever, a question  arose concerning w hat a pupil w ould  choose  (to 
describe h im self/herself) if he/she were provided with only the four d iffe ren t p ictures of 
the ach iever, conscien tious, curious, and social as four distinct clusters.
T herefore, it w as w orth try ing to m ake another m odification to the second version 
of the m o tiva tion  te s t in o rd e r to obtain a sharp picture o f each p u p il’s m o tiv a tio n a l 
pattern  as w ell as to increase the reliab ility  o f the m otivation  test in m easu rin g  such 
patterns.
Table 4.5
The d istribution o f the sample over the scored m otivation test
M otivational
patterns
N um ber o f pupils
The achiever 8
The conscientious 45
T he curious 34
The social 47
No pattern * 21
No attendance 62
Total 217
* Pupils who are categorised as not belonging to any particular m otivational pattern 
(2:2 or 1:1:1:1). T his category  has now dropped from  78/217 to 21/217.
4.5 .4  T h e  F in a l  M o t iv a t io n  T est
The final motivation test comprises o f two different sheets:
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I - The first sheet (A) show s o f four d ifferen t ch arac te rs  (tw o m ales and
tw o fem ales), each one has been draw n describ ing  h im self/h erse lf in 
four d iffe ren t s ta tem ents concerning four d iffe ren t ac tiv ities  (abou t 
c lass  w ork , abou t labora to ry  w ork, about d isco v ery  learn ing , and 
about social life).The pupil is simply asked to select a single charac te r 
that he/she m ay agree with most. The pupil then has to put a tick in the 
box ag a in st any charac ter selected. T he hope o f this test is that the 
pupil w ill select the m ost likely unique m otivational pattern w hich m ay 
describe h im /her best w ithout any overlapping w ith o ther patterns.
I I  - H ow ever, the second sheet (B) is o f another m otivation  test s im ilar to
the second one but w ith again som e m odification  in the shape o f the 
test and  in the statem ents involved. T he pup il is asked to se lec t a 
charac ter w hich may describe him /her best in each row.
A copy  o f the th ird  test is show n in figure 4.6 (sheet A and B). T ab le  4 .6 , 4.7 
show the d is trib u tio n  o f the sam ple over this test. The m ark ing  schem e w hich  w as 
fo llow ed in the th ird  m otiva tion  test was; (i) by giving the pupil, for the firs t sheet in 
the test, a m o tiv a tio n a l pattern  selected  in accordance w ith the involved  charac te r, (ii) 
while, in the second sheet o f the test, the sam e m arking schem e w hich w as used  in the 
second m otivation  test was applied  in order to identify the pupils ' patterns.
U ltim ate ly , the w hole battery  o f m otivation tests w ere d raw n together in o rder to 
com pare the results. The final m otivational traits o f pupils w hich have em erged  and the 
whole p icture o f  tests are show n in table 4.8. Pupils who could  not exhibit a s ign ifican t 
trend to w ard s a m o tiv a tio n a l pattern  are believed to have tw o o bv ious o v e rlap p ed  
patterns (a t least) and  therefo re  w ill be treated as not belong ing  to any m o tiv a tio n a l 
pattern.
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Figure 4.6 (Sheet A) The third motivation test used in the study.
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Figure 4.6 (Sheet B) The third m otivation test used in the study.
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Table 4.6
T he distribu tion  o f the sample over the third m otivation test (sheet A)
M otivational
patterns
N um ber of pupils
The achiever 7
The conscientious 57
The curious 34
The social 61
No attendance 58
Total 217
Table 4.7
T he d istribu tion  o f the sample over the third m otivation test (sheet B)
M otivational
patterns
N um ber o f pupils
The achiever 5
The conscientious 41
The curious 28
The social 46
No pattern * 39
No attendance 58
Total 217
* Pupils w ho are categorised as not belonging to any particu lar m otivational pattern
(2:2 or 1:1 :1 :!).
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Table 4.8
T he d istribution o f the sam ple over the w hole m otivation tests
M otivational patterns Test
-1-
Test
-2-
Test -3- 
Sheet A 1 Sheet B
M atch
The A chiever 9 8 7 ■' 5 1
11
The C onscientious 68 45
1
57 ; 41
i
78
T he C urious 12 34
i
34 1 28
i
32
The Social 36 47
i
61 1 46 
1
57
N o Pattern 78 21
1
-  ; 39 35 *
N o A ttendance 14 62 58 ' 56i
4  **
Total 217 217 217 ; 217 217
* Pupils w ho are categorised  as not belonging to any particular m otivational pattern  (as 
they have two obvious overlapped  patterns).
** Pupils who failed to attend any m otivation test.
4.6 S umma ry
T h is  ch ap te r w as in tended to show  the read er the kinds o f m e th o d o lo g y  w h ich  
were used  in o rd e r to m easure the psy ch o lo g ica l factors invo lved  in th is study . T he  
analysis o f  the resu lts  from  such m easu rem en ts  are due to be p ro cessed  in the n ex t 
chap te r. F ie ld -D e p e n d e n c e /F ie ld -In d e p e n d e n c e , C o n v e rg e n c e /D iv e rg e n c e , an d  
M otivation are th ree d iffe ren t factors w hich seem  to have an e ffec t firs tly  upon each  
other, and second ly  on the perform ance o f pup ils  in science. The H idden  F igu re  T est, 
C o n v e rg e n t/D iv e rg e n t T es t, and  th ree  ty p es  o f  M o tiv a tio n  T e s ts , w e re  u sed  
successively in o rder to m easure such factors. It is w orth m entioning here that the three 
m otivation  tes ts  w ill be inco rporated  to p ro d u ce  a sing le  pa tte rn  w h ich  m ay  b es t
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describe  the pupil accord ing  to the m otivational traits. The resu lts ob ta ined  from  this 
chapter and  the analysis o f results from  the next chapter will be used together later on to 
correlate w ith the perform ance and achievem ent o f pupils in m ini-projects in chem istry .
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CHAPTER FIVE
POSSIBLE CORRELATIONS BETWEEN PSYCHOLOGICAL FACTORS 
USED IN THE PRESENT STUDY
5.1 Introduction
T h e  p re se n t ch a p te r d ea ls  w ith  v ario u s  s ta tis tica l co rre la tio n s  w h ich  c o u ld  
p o ssib ly  be d isce rn ed  betw een  the v ario u s psycho log ica l fac to rs  em p lo y ed  in th is 
research .
A tten tion  m ust be draw n to w hichever correlations arise from  this w ork  and to the 
possib le  s ig n ifican ce  o f these co rre la tio n s . An u n d erstan d in g  o f  the p sy ch o lo g ica l 
factors involved in this research m ay lead to an understanding o f pupils' ach ievem en t or 
p erfo rm ance in chem istry . B uild ing  on this, there m ay be a sig n ifican t link  be tw een  
psychology and  science learning w hich could  prove to be very profitab le . It co u ld  lead  
to im proved educational practice.
F ie ld -D ependence/F ie ld -Independence, C onvergence/D ivergence and M otivation  
are three psycho log ica l factors w hich  are to be explored w ith the sam ple o f the study  in 
order to find  ou t possib le  correlations betw een such factors w hich m ay lead  to possib le  
pred ic tions fo r the pupils ach ievem en t in practical p rob lem -so lv ing  in chem istry . T h is  
will be d iscu ssed  in the next chap ters and w ill rely upon the resu lts w hich are ob ta ined  
from this p resen t chapter.
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5.2 Possible Correlations between Field-Dependent/Field-Independent 
Cognitive Styles and Convergent/Divergent Thinking Styles
5.2.1 A Scatter Plot between These Psychological Factors
A ll the pup ils in the sam ple (217 Pupils) w ere used in this p art o f the study  as 
th ey  w e re  fu ll  p a r tic ip a n ts  in the  f ie ld -d e p e n d e n t / f ie ld - in d e p e n d e n t  a n d  
co nvergen t/d ivergen t tests. The results o f their achievem ents in such tests w ere p lo tted  
aga inst each  o ther using a sca tte r d iagram . A sign ifican t co rre la tion  em erg ed  as the 
P e a rs o n  P ro d u c t-M o m e n t C o rre la t io n  C o e f f ic ie n t  w as 0 .1 6 1 3 . T h e  n u ll 
h y p o th e s is * 153, 154) cou ld  be re jec ted  at a 5%  level. T he sca tte r p lo t o b ta in ed  is 
show n in figu re  5.1.
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Figure 5.1 A sca tte r p lo t betw een the sam ple 's  scores in fie ld -d ep en d en t/fie ld - 
independent and convergent/d ivergent tests.
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T h e  co n c lu sio n  w hich m ay be d raw n from  this is that fie ld -in d ep en d en t pup ils  
p erfo rm ed  b e tte r in co n v e rg en t/d iv e rg en t tests and appeared  to be m o re  d iv e rg e n t 
th inkers ra th er than convergen t th inkers. W hilst field-dependent pup ils ap p eared  to be 
m ore co n v e rg en t th inkers rather than divergent thinkers in accordance w ith  th e ir low er 
perform ance in convergent/d ivergent tests.
5 .2 .2  T he D istribution  o f  F ie ld -D ep en d en t/F ield -Ind ep en d en t P u p ils  
over the C on vergen t/D ivergent T ests
T o  s tu d y  the  c o n c lu s io n  o b ta in e d  (in the la s t sec tio n ) b e tw e e n  fie ld -  
d ep en d en ce /fie ld -in d ep en d en ce  and convergence/d ivergence, the d is tr ib u tio n  o f  the 
num ber o f f ie ld -d ep en d en t/fie ld -in d ep en d en t pup ils  com pared  w ith  the n u m b er o f 
convergen t/d ivergen t pupils (pupils' tests attainm ents) was required, as it w o u ld  clarify  
the p u p ils ' percen tages d istribu tion  in these tests. Table 5.1 show s such a d is trib u tio n  
of percentages.
T able 5.1
T he distribution o f field-dependent/field-independent pupils over the 
convergent/divergent tests
G r o u p s
F . D .
N  =  6 3
F . IN D .  
N  =  81
C o n . 3 6 3 3
N  =  6 9 52% 45%
D lv ’- 2 7 4 8
N  =  7 5 36% 64%
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F ro m  the above  tab le, the to tal num ber o f convergen t p u p ils  has been  a lm o st 
d iv ided  eq u a lly  in the tie ld -dependen t/fie ld -independen t test. H a lf o f  the co n v e rg e rs  
seem ed  to be f ie ld -d e p e n d e n t p u p ils , w h ile  the o ther h a lf  seem ed  to  be f ie ld -  
in d ep en d e n t pu p ils . O n the o th er hand , the d ivergen t p u p ils  h av e  sh o w n  a g o o d  
p e rfo rm an c e  in the  fie ld -d e p en d en t/f ie ld -in d e p en d en t test and th e re fo re  the  te s t 
sig n ifican tly  ca teg o rises  the d ivergers as fie ld -independen t p up ils  ra th e r than  fie ld - 
dependen t pupils.
C ould  it be that a d iverger w ho is a Field-independent pupil w ill be m ore crea tive  
than o thers and w ill achieve m ore in the open-ended tasks?
5 .2 .3  S o m e  P r e d ic t iv e  P ro p o sa ls
A c c o rd in g  to a p red ic tiv e  m odel*2*based upon the in fo rm a tio n  p ro c e ss in g  
h y p o th esis  and acco rd in g  to several studies devoted  to this area*1, 12, l7  ^ , fie ld -
in d ep en d en t lea rn ers  are m ore able to ach ieve well in ex am in a tio n s  an d  are  m ore  
capab le  o f  su rv iv in g  h igh d em and  q uestions w hen com pared  w ith  fie ld -d e p e n d e n t 
learners (p robab ly  due to their h igher w orking  m em ory capacity  and h ig h er ab ility  in 
separating  the 's ig n a l' from  the 'no ise ' in any task) . T herefo re , i f  a pup il is fie ld - 
indep en d en t and  d iv erg en t, it cou ld  be exp ected  that he/she w ill p e rfo rm  w ell in a 
science activ ity  and will perform  best, especially  in creative science tasks (for exam ple , 
open-ended  p ro b lem -so lv in g  activ ities); tasks w hich require  an ab ility  to  "co m b in e  
ideas, th ings, tech n iq u es , or approaches in a new  w a y " * ^ .  B u ild in g  on th is, a fie ld - 
independent and co n v erg en t pupil w ill p robably  perform  well in co n v en tio n a l sc ience 
exam inations, but that does not necessarily  m ean that he/she w ill be ab le  to p erfo rm  
sa tisfac to rily  o r w ell in op en -en d ed  p rac tica l p ro b lem -so lv in g  (c rea tiv e  task s) in 
chem istry.
A lthough field-dependent pupils may not perform  well in the conventional science
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exam inations com pared  to the field-independent pupils, fie ld -dependen t and d ivergen t 
pupils cou ld  still perfo rm  better in creative tasks than fie ld -dependen t and co n v erg en t 
pupils. It is a predictive proposal w hich requires investigation (in the next chapters).
F ro m  fig u re  5.1 and  tab le  5.1, fie ld -d e p en d en t p u p ils  te n d e d  to be m ore 
co n v e rg en t th inkers ra th e r than d iv erg en t th inkers. Such find ings co n c e rn in g  field- 
d ep en d en t pupils cou ld  be suggested  as a reason fo r their ach iev em en t esp ec ia lly  in 
conven tional science ex am in a tio n s  w hich do not dem and creativ ity . T h e  co n v erg en t 
th inking ability  could  boost learning in d ifferen t w ays. The convergers' in te lligence, as 
stated in chap ter tw o, consists  o f a narrow ing in focus, an im aginative austerity  w hich 
can be qu ite  form idable.
5.2.4. Patterns of the Mean Scores in both Psychological Tests
A pictu re  o f the m ean scores o f fie ld -dependen t/fie ld -independen t p u p ils  in the 
co n vergen t/d ivergen t tests, and  a p icture o f the m ean scores o f co n v e rg en t/d iv e rg en t 
pupils in the f ie ld -d ep en d en t/fie ld -in d ep en d en t test cou ld  also  be b en e fic ia l to  the 
understand ing  o f such g roups. T ab le 5.2 and 5.3 show  the g ro u p s ' m ean  sco res in 
such tests.
Table 5.2
The m ean scores o f  field-dependent/field-independent pupils in convergen t/d ivergen t
tests
N
F. D.
N = 63
F. IND. 
N = 81
Mean scores 
in
Con. & Div. 
Tests
47.6 52.6
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T able 5.3
C onvergers and divergers' m ean scores in the field -dependen t/fie ld -independen t test
C r r o u ^ ^ ^ CO N. 
N = 69
DIV.
N = 75
M ean scores  
in
F.D .&  F.I. 
T est
6.9 7.8
T h e  m e a n  s c o re s  o f  f i e ld - d e p e n d e n t / f ie ld - in d e p e n d e n t  p u p i l s  in
convergent/d ivergent tests did not reveal significant differences in ach ievem ent betw een
fie ld -d ep en d en t than fie ld -independen t pupils as show n in tab le  5.2. If the H u d so n 's  
( 19)scale w as app lied , it w ould locate both groups (F .D ./F .IN D .) in the a ll-ro u n d e rs  
division.
A sim ila r re su lt w as o b ta in ed  from  the m ean scores o f  co n v e rg en t/d iv e rg e n t 
pupils in the fie ld -d ep en d en t/fie ld -in d ep en d en t test as show n in tab le  5.3. T he m ean 
scores o f  both g roups (C O N ./D IV .) w ere in term ediates in such a test (F .D ./F .IN D .), 
and there is no sign ificance or rem arkab le d ifferen tiation  o b ta in ed  b e tw een  the m ean 
scores' ach ievem ents o f the convergent and the divergent thinkers.
5.3 T he In teraction  betw een  M otivation . F ield -D ep en d en ce/F ie ld -  
In d ep en d en ce and C on vergen ce/D ivergen ce in T h is R esearch
In this section  and the next (5.4), various attem pts will be m ade to find  o u t any 
fine c o n n e c tio n s  b e tw e e n  th e  p sy c h o lo g ic a l d im e n s io n s  (M o tiv a tio n , F ie ld -  
D ependence/F ieId-Independence and C onvergence/D ivergence) w hich  have been  used  
in the p resen t study.
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R egard ing  the m otivational patterns, it w as evident from  the previous chap ter that 
there is an  overlapped  p ic tu re  betw een  such patterns. A pupil w ho w as ca teg o rised  as, 
for exam ple , a cu rious w ould  probably  have another m otivational pattern  w hich did not 
dom inate the pup il's  answ ers in the test sheet. B efore studying in teractions betw een the 
psychological factors, it is w orth paying attention to such an overlapping  picture.
5.3.1 W h at O verlap p in g  P ictures w ere O btained  betw een  
M otivational Patterns?
T h ree  m o tiv a tio n  tests w ere conducted  in this research  in o rder to c lassify  each  
pupil in the research 's sam ple as belonging to one of the four m otivational patterns (the 
ach iever, co n sc ien tio u s , cu rio u s, and  the social). H ow ever, an o v erlap p in g  p ic tu re  
betw een such patterns w as obtained.
T he  final sch em e w hich  w as used in the p resent study to d esc rib e  each  pupil as 
belonging to a certa in  m otivational pattern  relied  on w hich pattern  w as m ost frequently  
selected  by the p u p il in the w hole battery  o f m otivation  tests. It w as possib le  for the 
participants to select m otivational patterns up to 14 times in the three tests.
A pupil w ill be ca teg o rised  as an ach iever, as stated  in c h a p te r four, if he/she 
selected the ach iever pattern  m ore often than any other pattern. But, it cou ld  be that; (i) 
a pupil m ay select, fo r  ex am p le , 7 tim es the ach iever pattern  an d  7 tim es the cu rio u s 
pattern (7:7) and therefo re  could  be categorised as having two overlapping  m otivational 
patterns, (ii) o r  a p u p il m ay  have an overw helm ing  and obv ious m o tiv a tio n a l pattern  
which appears th ro u g h o u t h is /h e r se lec tio n s (14 tim es) in the tests , in ad d itio n  to 
another pattern  w hich  is no t quite as form idable (not as overpow ering) as the first one, 
(iii) o r a pup il m ay  h av e  th ree  se lec tio n s (even  fo u r so m etim es) o f  m o tiv a tio n a l 
patterns, but o f  w h ich  tw o are m ore obvious and m ore often  se lec ted  than the o ther(s), 
and one o f the se lec ted  tw o w ill be m ore dom inan t than the o th er one in acco rd an ce
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with how  m any tim es this selection was made.
A pparen tly , an am ount o f overlap  betw een m otivational patterns w as found  to be 
persisten t in alm ost all the sam ple. It is therefore rational to say that the v ast m ajority  o f 
pupils in the sam ple have m ore than one m otivational pattern and even  if th ey  have a 
single obvious m otivational pattern it is still likely to overlap with at least ano ther one.
T o  study such  an overlap  betw een  m otivational patterns, each  p u p il's  selec tion  
w as ch eck ed  in d iv idua lly  in all m otivation  tests to find out the in te rac tin g  p ic tu re  (an 
o v erlap ) b e tw een  the m o tiv a tio n a l p a tte rn s o f the sam ple. T ab le  5 .4  e x h ib its  the 
overlapping picture betw een the m otivational patterns of the sample.
T a b le  5.4
T he popu lation  o f  pupils' m otivational groups (patterns) as overlapped  w ith o ther
m otivational patterns
H o t i n t i o u l  Pitterms Pupils’
Groups
N=178*
No**
P»tt«m Socixl CWTOUS Conscitu. A^Lwvtr
3 3 1 4 0 Achiev. 
N = 11
14 43 14 0 7 Conscie. N= 78
7 13 0 8 4 Curious 
N= 32
8 0 9 38 2
Social 
N= 57
* T o ta l n u m b er o f  p u p ils  w ho w ere ca teg o rised  as b e lo n g in g  to c e r ta in  
m o tiv a tio n a l p a tte rn s. 39 P u p ils  o f  the to tal num ber o f the sam ple (N  = 21 7 ) w ere 
ignored e ith er because they d id  no t attend any m otivation test (N = 4) or d id  no t clearly  
belonging to any m otivational pattern  (N  = 35).
** P up ils w ho  show ed  an overlap  betw een m ore than tw o m o tiv a tio n a l p a tte rn s  
and w ere therefore ignored from  the interacting patterns procedure.
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T o show  the size o f the overlapp ing  areas betw een m otiva tiona l p a tte rn s, a study 
of each  m o tiv a tio n a l g roup  o f p u p ils  w as necessary . In any m o tiv a tio n a l g ro u p , the 
b iggest overlapp ing  area w ith o ther m otivational patterns w ill be d esig n a ted  depend ing  
upon the h ighest frequency  n um ber o f pupils of such a group  (any  g ro u p  such  as the 
ach iev er o r the  cu rio u s) w ho  w o u ld  overlap  w ith o ther m o tiv a tio n a l p a tte rn s . To 
facilita te  such a p ic tu re  o f the overlap  for each p u p ils’ m o tiva tional g ro u p , figu re  5.2, 
5.3, 5 .4 , 5.5 d isp lay  the frequency  num ber o f pupils in each  g roup  w h ich  o v erlap p ed  
with o ther m otivational patterns.
S 'p<
I
I
3
U4>
&
Conscientious Curious Social 
(Overlapped patterns)
F ig u re  5 .2  T he  a ch iever  p u p ils  (N  = 11) as overlapped w ith  o th er m o tiv a tio n a l
patterns in the m otivation tests.
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Achiever Curious Social
(Overlapped patterns)
F ig u r e  5 .3  T he conscien tious  pupils (N = 78) as ov erlap p ed  w ith o ther 
m otivational patterns in the m otivation  tests.
Achiever Conscientious Social
(Overlapped patterns)
F ig u re  5 .4  T h e  curious  pupils (N = 32) as overlapped  w ith  o ther m o tiv a tio n a l
patterns in the motivation tests.
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F ig u re  5.5 T he  so c ia l pup ils (N = 57) as overlapped  w ith o th er m o tiva tiona l
patterns in the m otivation tests.
F rom  table 5 .4 , it is ev iden t that there are som e m otivational p a tte rn s w hich  have 
m ore o ften  o v e r la p p e d  w ith  o th ers , and tab le  5 .5 h ig h lig h ts  th e se  o v e r la p p e d  
m otivational pa tte rn s. T he  conscien tious and the social pa tte rns co n stitu ted  in the first 
p lace the h ig h est o v e rlap p in g  p icture obtained  betw een m o tiv a tio n a l p a tte rn s. In the 
second place, the socia l pattern  form ed an overlapping picture w ith the cu rio u s pattern, 
as did the consc ien tious pattern  with the curious pattern.
In general, p u p ils  w ho w ere classified as consc ien tious w ere fo u n d  to have m ore 
often a social m o tiva tiona l pattern  which overlapped w ith their d o m in an t consc ien tious 
pattern. T he sam e pattern  m ight be expected for the social pupils w ho w ou ld  have m ore 
often overlapped  w ith  consc ien tious pattern in addition to their d o m in an t social pattern. 
T herefore, these p a tte rn s  cou ld  influence each other p o sitiv e ly  and  th o u g h  the pupil 
who show s a p re fe ren ce  for form al m odes o f teaching  (w ith p rec ise  in stru c tio n s) and 
who show s a n eed  to  s tu d y  and learn as du ties (co n sc ien tio u s  fe a tu re s )  w ould  be 
expected  to show  a n eed  to  affilia te  and to learn in a n o n -c o m p e titiv e  en v iro n m en t
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(social features) too.
T ab le  5.5
T he popu lation  o f pupils' m otivational groups (patterns) as overlapped  w ith o ther 
m otivational patterns with h ighligh ts the overlapping pictures
H o t in t io i i l  P a tte n s Pupils'
Groups
N=178
No Social Curious Cousciea. Achiever
3 3 1 4 0 Ac hit v. 
N = 11
14 B 43 H P I 0 7 Coascie. N= 78
7 n 0 i f f ! 4 Curious N= 32
8 0 o \ \ V i
B  38 H 2 Social N= 57
A n overlap betw een the social and conscientious patterns.
An overlap betw een the social and curious patterns.
A n overlap betw een the conscien tious and curious patterns.
O n the o ther hand, the o verlapp ing  p ic tu res  betw een the cu rio u s-so c ia l p a tte rn s  
and the cu rio u s-co n sc ien tio u s  patterns w ou ld  m ean overlapping  fea tu res  b e tw een  the 
curious p a tte rn  and so c ia l-co n sc ien tio u s  pa tte rn s. A curious pupil w ill th e re fo re  be 
expected  to have ano ther m otiva tional pattern , and if so will be m ore lik e ly  to  h av e  a 
conscientious pattern or a social pattern. A dditionally , a social pupil m ay have a cu rious 
pattern (it is not as likely as hav ing  a co n sc ien tio u s  pattern) and a co n sc ien tio u s  pupil 
may have a curious pattern (it is not as likely as having a social pattern).
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5 .3 .2  F ield -D ep en d en ce/F ield -Independence C om pared  w ith  the
M otivation  T ests
A n attem pt was m ade to find out how  field-dependent/fie ld-independent p u p ils  o f 
the p resen t study w ere d istributed in the m otivation tests (table 5.6).
T able 5.6
The distribution o f field-dependent/field-independent pupils over the m otiva tion  tests
G roups Ach. C onsc. Cur. Soc. No * 
pattern
F. D. 1 33 6 16 7
N = 63 2% 52% 10% 25% 11%
F. IND. 3 24 13 27 14
N = 81 4% 30% 16% 33% 17%
* C om prises o f pupils who have m ore than one m otivational pattern (overlapped), and 
pupils who d id  not attend m otivation tests.
It is possib le  to notice from  such a d istribu tion  that fie ld -in d ep en d en t p u p ils  are 
m ore likely to have an achiever or curious or social motivational p reference ra ther than a 
conscien tious preference w hen com pared  w ith fie ld-dependent pupils. O f co u rse , som e 
pup ils  o f  both f ie ld -d e p en d en t/f ie ld -in d e p en d en t g roups will have an o v e r la p p e d  
m otivational pattern.
To conclude, the conscien tious pup ils seem  likely to be fie ld -d ep en d en t, w ho 
do not take the risk o f doing, for exam ple, unnecessary practical or theore tical ac tiv ities 
p articu la rly  w ith o u t fo llo w in g  c lea r instructions. T his m ay be re la ted  to a m o d es t 
w orking m em ory capacity^13  ^ ham pered  by an inability to separate the 's ignal' fro m  the 
'no ise ' e ff ic ien tly  like f ie ld -in d e p en d en t pup ils. O n the o th er h an d , so m e  fie ld -
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in d ep en d en t p u p ils  m ay have an ach iev er m otiva tion  du e  to th e ir s izab le  w o rk in g  
m em ory capacity  w hich could be used efficiently because they can  separate betw een the 
'signal' from  the 'no ise '. T his effic ien t use o f w orking m em ory  m ay allow  th em  to do 
tasks o r be e a g e r  to d o  tasks w ith o u t fo llow ing  c lea r in s tru c tio n s  (a fe a tu re  o f the 
curious) o r m ay even  help  them  in com m unicating  w ith o th er p u p ils  (a fea tu re  o f  the 
social). T he n u m b er o f  fie ld -independen t pupils who are at the sam e tim e cu rio u s or 
social m ay be an ind ica tion  o f w hat has been explained  co m p arin g  to the n u m b er o f 
fie ld-dependent pupils.
5 .3 .3  C on vergen ce/D ivergen ce  C om parisons w ith  th e M otiva tion  T ests
T he p icture w hich  w as obtained from  distributing the co n v erg en t/d iv erg en t pupils 
over their m o tiva tional preferences designated  in the m otiva tion  tests is show n in table 
5.7. T he d iv e rg en t th ink ing  pupils seem  to d istribute th em se lv es  o v er the m o tiva tion  
tests in a w ay w hich  is sim ilar to fie ld-independent pupils in the p rev io u s  section . The 
conscien tious p re fe ren ce  w as seen as m ore likely to be held  by the co n v e rg en t p up ils  
ra ther than  by the d iv e rg e n t pupils. For the o ther th ree  p re fe re n ces  (the ach iev er, 
curious and social preferences), table 5.7 shows that the d ivergen t th ink ing  pup ils seem  
to select these ra ther than the convergent thinking pupils.
It cou ld  be that the co n v erg en t pupil is one who is no t a ttra c ted  to lea rn in g  by 
doing ac tiv ities w hich  have been set up w ithout clear instructions. W hile  the d iv erg en t 
pupil is a pupil w ho  is m ore  adventurous in learning, he likes ac tiv itie s  w h ich  invo lve  
new discovery  and exploration  and doing tasks w ithout recipe-fo llow ing  instructions.
No sig n ifican t corre la tion  could  be obtained in table 5.7 be tw een  the n um bers o f 
convergen t and  d iv e rg e n t p up ils  over the m otivation  tests. H o w e v er, the d iv e rg e n t 
pupils have ex h ib ited  a p re feren ce  (h igh num ber o f pu p ils) fo r b e in g  ac h iev e rs  o r 
curious or social m ore likely  than being conscientious w hen co m p ared  w ith the num ber
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o f th e ir co n v erg en t co lleag u es who ex h ib ited  low  num bers in all the m o tiv a tio n a l 
g roups apart o f the conscien tious group.
T able 5.7
T he distribution o f  field-dependent/field-independent pupils over the m otiva tion  tests
G roups Ach. Consc. Cur. Soc. N o * 
pattern
CON. 3 45 13 24 26
N =  111 3% 41% 12% 22% 23%
DIV . 8 32 19 33 14
N =  106 8% 30% 18% 31% 13%
* C om prises o f pupils w ho have m ore than one m otivational pattern  (overlapped), and 
pupils who did not attend m otivation tests.
F ro m  such fin d in g s , it seem s now  p ru d en t to look  s ta tis tic a lly  a t the th ree  
psy ch o lo g ica l fac to rs to g e th er in o rder to draw  a p recise  p ic tu re  fo r w h a t m ig h t be 
expected in the chem istry  perform ance w hich will be discussed in ch ap te r 6 and 7.
5.4  T he O verall P icture O btained betw een the T hree F a cto rs T o g eth er  
(M otivation . F ie ld -P ep en d en ce/F ield -In d ep en d en ce and  
C onvergence/D ivergence).
H av in g  d iscu ssed  the  co rre la tio n  betw een  every  tw o p sy c h o lo g ic a l fa c to rs  
involved in the research. N ow  it is beneficial to study the three d iffe ren t facto rs together 
and to find out correlations that could be gathered from  such a com bination .
A n attem pt w as m ade to study the pupils ' m otivational p re fe ren ces  sep ara te ly  in 
com parison w ith their ach ievem ents in the o ther two psycho log ica l fac to rs  invo lved  in
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this research . T ab le  5.8 show s the w hole p icture o f pupils (num bers and  p ercen tag es) 
in the m o tiv a tio n a l g ro u p s w ith  th e ir  a tta in m en t and c la s s if ic a tio n  in the fie ld - 
dependent/fie ld-independent and convergent/d ivergent tests.
T a b le  5.8
The d istribution o f the sam ple over the three psychological factors
P u p ils ’ groups Achiever Conscien. C urious Social
Field-D ependent 1 33 6 16
N  = 63 2% 52% 10% 25%
Fie Id-Independent 3 24 13 27
N = 81 4% 30% 16% 33%
C overgent 3 45 13 24
N = 111 3% 41% 12% 22%
D ivergent 8 32 19 33
N =  106 8% 30% 18% 31%
In fact, tab le  5.8 is a co m b in atio n  o f table 5.6 and 5.7 w hich  w as d raw n to 
d isp lay  a co m p le te  p ic tu re  for the re ad e r abou t the d istrib u tio n  o f the sam p le . It is 
ap p a ren t from  tab le  5.8 and from  the d is trib u tio n  and n u m b er o f p u p ils  in all the 
psychological tests that the ach iever, cu rious and social pupils, on one ex trem e, tend  to 
be fie ld -in d e p en d en t and  d iv e rg en t pup ils . T he co n sc ien tio u s p u p ils , on  the o th e r 
ex trem e, tend  to be fie ld -d ep en d en t and  convergen t pupils. T ab le  5 .9 h ig h lig h ts  the 
highest d istribu tion  o f m otivational g roups o f the sam ple in the invo lved  psycho log ica l 
tests.
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T able 5.9
T he h igher d is trib u tio n  o f m otivational groups of the sam ple in F .D ./F .IN D . and
C O N ./D IV . tests
Pupils' groups Achiever Conscien. Curious Social
Field-Dependent 1 33 I 6 16
N  = 63 2% 52% 10% 25%
Field-Independent i 3 24 ! 13 j IN! 27 1
N = 81 \4% 30% !16% i N33%  !
Covergent 3 mu' 4 5 " imii; 13 24
N = 111 3% 1  4 1  ^ | 1 12% 22%
D ivergent i i r r 32 I I 1 9  ijinii
N  = 106 II 8% 30% il l  18% 1 1 1 1 1  31%  |
■  T he  m otivational groups in their highest d istribu tion  num ber in the field-dependent/field-independent test.I l ' l l i  T he m otivational groups in their highest d istribu tion  num ber 
  in the convergent/d ivergent tests.
A lth o u g h  such  fin d in g s  d id  not lend them selves to v ery  s ig n ific an t s ta tis tica l 
correlations, the general trend o f the pupils in their m otivational g roups d id  indicate that 
som e co rre la tio n s  lik e  the ones m entioned  existed. In general, p u p ils  w ho are field- 
independent and  d iv e rg en t are m ore likely than others to dom inate  th e ir school classes 
in d iscu ss io n , c o m p e tin g  w ith  o thers fo r the h ig h est sco re  (a ch iev e r) , d isco v ery  
learning (cu rious), lea rn in g  w ithout guidance (curious), and being  frien d ly  w ith o thers 
(social). T his ca teg o ry  o f pupils, as stated earlier, m ay have a sizab le w ork ing  m em ory 
capacity  and th e re fo re  m ay be capab le o f using  such a cap ac ity  in an e ffic ien t w ay 
allow ing th em  to  so lve  their p roblem s better than others. Som e fie ld -in d ep en d en t and 
d ivergent pup ils  m ay  approach  the solution to a problem  in a b rillian t w ay , they cou ld  
probab ly  show  so m e tim e s  a new  techn ique or skill (c rea tiv ity ) in so lv in g  such a
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p rob lem  than o th er pupils (the cu rious pupils are recognised to be am ong  th is group  o f 
pup ils).
O n the o ther hand, field-dependent and convergent pupils cou ld  be less capab le  in 
m anu fac tu rin g  new  techn iques o r skills in solving problem s. M oreover, they  w ould  be 
ex p ec ted  to be h esitan t in engag ing  in activ ities w hich requ ire  a c rea tiv e  ab ility  like 
o p en-ended  p rob lem  solving, they restric t them selves to the rece ived  in struc tions from  
the teach er in c lassroom  learning, as in doing any other practical activ ity . It seem s that 
such pup ils have not a very large w orking m em ory capacity  w hich  cou ld  be the reason  
for their restric tion  to their teachers's instructions and their concom itan t unease o f being 
in v o lv ed  in a c tiv itie s  w h ich  re q u ire  a sort o f  c rea tiv e  a b ility  in th in k in g  and  
p ro g ressin g . In ad d itio n , this cou ld  be a reason for the fact th a t th is  g ro u p  is m ore  
likely to be co n v erg en t thinkers ra ther than divergent thinkers. T he consc ien tious pupils 
are seen to be the typ ical exam ple o f this group (field-dependent and convergen t group) 
as these pup ils have m ore often d istribu ted  them selves across such a g roup  than o th er 
pupils.
A n o th e r w ay  o f  look ing  a t the d ata  m ay be o b ta in ed  fro m  the  p sy ch o lo g y  
involved  in th is research  in that one m ay pursue each psychological group  ind iv idually  
in term s o f w hat such groups a tta ined  in o ther psychological tests. T h is  m ethod  cou ld  
h ig h lig h t the b ig g est c lu ste rs  o f pupils gathered  in psycho log ica l g roups, it co u ld  be 
that such clusters m ay help in the prediction of the pupils' fu ture ach ievem ent in science 
as w ill be elaborated  upon in chap ter seven.
T h e  first group  to be p laced beneath the m icroscope is the fie ld -d ep en d en t group. 
This g roup  d id  no t show  a sign ifican t trend  tow ards one o f the co n v e rg en t/d iv e rg en t 
th ink ing  sty les, how ever, it show ed a slight trend towards being  co n v erg en t ra th er than 
d ivergen t. It also  show ed  a no ticeab le  preference for being co n sc ien tio u s  ra th e r than 
any o th er m o tiv a tio n a l pattern  in  m otivation  tests. T herefore, th is m ay again  co n firm  
that f ie ld -d e p e n d e n t p u p ils  are p re tty  convergen t in th in k in g  an d  are m o re  likely
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c o n sc ie n tio u s  in m o tiv a tio n . F igure 5.6 show s how  fie ld -d e p e n d e n t pup ils  w ere 
pursued  in the psycho logy  involved in this research.
H y p o th e s is  (1): T he d ivergen t th inkers pupils o f th is g roup  m ay be exp ected  
to ach iev e  b e tte r at p ractical p rob lem  solving in chem istry  such  as the m in i-p ro iects  
com pared  to the convergen t thinkers o f the sam e group.
F. D.
D IV .C O N .
y / K  /IVv
| A ch. | C on . 1 C ur. Soc. 1 r A ch. I C on. I C ur. j Soc. 1
0 17 4 9 1 16 2 7
F igu re 5 .6  F ie ld -dependen t pupils as follow ed in the invo lved  psycho logy  o f this
study.
F ie ld - in d e p e n d e n t p u p ils  (figu re  5.7), as the seco n d  g ro u p  w hich  w ill be 
co n sid ered , sh o w ed  a general trend tow ards being  d iv erg en t ra th e r than co n v erg en t 
th inkers. S uch  a tren d , how ever, is not very strong (abou t 60%  o f  fie ld -in d ep en d en t 
pupils), bu t it co u ld  be an indication that field-independent p u p ils  are m ore likely to be
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divergen t th inkers (as was m entioned earlier).
In m o tiva tion  groups, fie ld -independen t d ivergent pupils w ere show n as d iv ided  
a lm ost even ly  be tw een  all the g roups apart from  the ach iev er g roup  (b ecau se  o f the 
sm all total num ber o f the ach iever group in the whole sam ple). A sign ifican t num ber o f 
these  p u p ils  w ere  show n as b e long ing  to the curious g roup  (so as to the  ac h ie v e r 
group) in m otivation  com paring to the field-independent convergent pupils.
H y p o th esis  (2): T he cu rious and the achiever pupils o f  such a g roup  cou ld  be 
expected  to show  a good achievem ent and perform ance in practica l p ro b lem  solving in 
chem istry .
| F. IND. I
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Figure 5.7 Field-independent pupils as follow ed in the involved p sych ology  o f this
study.
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F rom  figure 5.7, the h ighest distribution o f fie ld -in d ep en d en t co n v e rg en t pupils 
w ere show n as being conscien tious and social in m otivation m ore often  than belonging  
to any other m otivational patterns.
H y p o th esis  (3): T he fie ld -independen t convergen t th in k ers  co u ld  be exp ected  
to d isp lay  a p o o re r p erfo rm an ce  and ach ievem en t in p rac tica l p ro b le m -so lv in g  in 
chem istry  com pared to the field-independent divergent th inkers.
M oving  to the convergen t/d ivergen t angles, the co n v erg en t p u p ils  in the pu rsu it 
g rid  show ed  a s im ilar d istribu tion  in the num ber o f pupils b e ing  fie ld -d e p en d en t o r 
fie ld -independen t. F igure 5.8 show s the d istribu tion  o f co n v erg en t th in k ers  in the rest 
o f the p sycho log ica l tests w hich were used in this study.
C O N .
I l l
F. IN D .F. D.
Ach. I C on. I C ur. I Soc.
/ T V .
Ach. I C on . I C u r. I Soc.
19 12
Figure 5.8 The convergent pupils as followed in the involved psych ology  o f this
study.
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H o w ev er, such  pup ils in m otivation  tests sh o w ed  a s ig n ifican t tren d  to w ard s  
being  co n sc ien tio u s  in both groups o f convergence and d iv erg en ce  w hich  m ay  again  
co n firm  that co n v e rg en t pupils are m ore likely  to ho ld  a co n sc ien tio u s  m o tiv a tio n  
pattern (the dom inan t one) rather than any other pattern.
H y p o th e s is  (4): T he ach ievem en t o f fie ld -in d e p en d en t p u p ils  o f  th is  g roup  
( w ho are co n v erg en t th inkers) in practical p rob lem -so lv ing  in chem istry  m ay  be better 
than  f ie ld -d e p e n d e n t  p u p ils  o f the sam e group. T h is  co u ld  be d u e  to  the fie ld - 
in d ep en d e n t th in k in g  sty le w hich  p lays a very' im p o rtan t ro le  in d o m in a tin g  the 
perfo rm ance and achievem ent o f pupils in tasks.
T h e  final g ro u p  o f  pupils is the d iv erg en t g roup  (figure 5 .9), these  p u p ils  are 
d is trib u ted  as being  fie ld -independen t rather than being  fie ld -d ep en d en t pup ils. In the 
m o tiv a tio n  te s ts , they  d isp lay ed  a sim ilar d is tr ib u tio n  to the g rid  o f  th e  f ie ld -  
independen t group  (figure 5.7). The d ivergent fie ld -in d ep en d en t pupils w as d isp lay ed  
equal nu m b ers o f  p up ils  partic ipating  in the consc ien tious, cu rious and socia l p a tte rn s  
and a sm all n u m b er o f pupils in the ach iever pattern  (because  o f the sm all n u m b er o f 
original ach ievers in the sample).
H y p o th e s is  (5): T he d ivergen t fie ld -in d ep en d en t p u p ils  co u ld  be ex p e c ted  to 
p erfo rm  and  ach iev e  b etter in the open-ended  tasks ra th e r than  the d iv e rg e n t fie ld - 
d ep e n d en t p u p ils , th ey  are m ore cu rious, m ore  ac h iev e r, m ore so c ia l, and  less 
conscien tious than the convergent pupils.
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F ig u re  5 .9  T h e  d ivergen t pupils as fo llow ed in the invo lved  psy ch o lo g y  o f this
study.
5 .5  Summa r y
T he p o ssib le  co rre la tions obtained from  this ch ap te r w ill be taken  as hypo theses 
to be p ro v ed . T h e  fie ld -dependen t/fie ld -independen t p sy ch o lo g ica l fa c to r co rre la ted  
p ositive ly  w ith  the co n vergen t/d ivergen t p sycho log ica l fac to r, it ind icated  that fie ld - 
independent p u p ils  m ay be d ivergent thinking pupils too. W h ilst fie ld -dependen t pup ils 
show ed them selves as m ore likely to be convergent th ink ing  pupils. A fterw ards, such a 
corre la tion  b ecam e m ore m eaningfu l after the p sycho logy  o f  m o tiv a tio n  w as in serted  
into th is study.
A n y  m o tiv a tio n a l pattern  has been found  to o v e rlap  w ith  at lea s t one m ore  
m otivational p a tte rn  w hich m ay indicate that pupils, in general, w ould  have m ore than
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one m o tiv a tio n a l pattern  o v erlap p in g  w ith  o th er m otivational patterns. T h e  h ig h es t 
overlap  ob ta ined  betw een patterns w as found  to be betw een the co n sc ien tio u s  an d  the 
social pa tterns. O ther overlaps o b ta ined  w ere found  to be betw een the cu rio u s , on  one 
hand, w ith  e ither the conscientious or the social, on the other hand.
T h e  final p ic tu re  w hich  em erg ed  from  the body o f p sy ch o lo g y  u sed  in the 
p re s e n t  s tu d y  a g reed  w ith  th e  p o s itiv e  c o r re la tio n  o b ta in ed  b e tw e e n  f ie ld -  
d e p e n d en t/f ie ld -in d ep en d e n t and  co n v e rg en t/d iv e rg e n t p sy ch o lo g ica l fa c to rs . T h e  
m o tiv a tio n  facto r fu rther e lucida ted  pupils ' classifications. The d ivergen t p u p il w ho  is 
m ore likely  a fie ld -independen t pupil w as found  to have a curious or ach iev er or social 
m o tiv a tio n a l p re feren ce  (hav ing  p o ss ib ly  m ore than one pattern ). W h ile  the  fie ld - 
d e p e n d e n t p u p il w ho is m ore like ly  a co n v e rg en t th in k er w as fo u n d  to  h av e  a 
c o n sc ien tio u s  or m ore often a co n sc ien tio u s m otivational pattern (m ay h av e  a social 
pattern  too).
T h ere fo re , several p red ic tions (the five hypotheses) for the p u p ils’ ach iev em en ts  
in p ractica l p roblem  solving in chem istry , yet w ithout experim ental con firm ation , cou ld  
em erge fro m  this chapter. T hese p red ic tio n s w ill be dea lt w ith in the n ex t ch ap te rs  in 
order to from  an entire opinion about the effectiveness of the three psycho log ical factors 
in pred ic ting  the pupils learning.
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CHAPTER SIX
MINI-PROJECTS IN CHEMISTRY: EVALUATION AND PUPILS' 
PERFORMANCE
6.1 Introduction
T h e  p rac tica l p a rt o f this study  in vo lves chem istry  as a sc ience su b jec t. T he
p re sen t research  is attem pting to find a chem istry  elem ent that m ay stim ulate p up ils  to
do sc ience in general and chem istry in particular, a chem istry that m ay p erm it p u p ils  to
p erfo rm  co m p eten tly  to achieve and to allow  room  for creativ ity . A ccord ing ly , it w as
(134)d ec id ed  th a t m in i-p ro jec ts  in chem istry  should  be used for the p resen t re search .
(25)S u ch  p ro je c ts  a re  b e liev ed  to be cap ab le  o f s tim u la tin g  p u p ils ' c re a tiv ity  by 
engaging  them  in various activities w hich have an extensive m otivational effect.
M in i-p ro jec ts  are a new  e lem en t p ro p o sed  for the S tandard  G rad e  c h e m is try  
co u rse s  in S co ttish  secondary  schools. T he ev a lu a tio n  o f such  p ro jec ts  is s till in 
p rogress. N evertheless, the researcher in tended  to w ork out a m ethod  for assessin g  the 
m in i-p ro jec ts  d esigned  only for the purposes o f research. It w ould  enab le the re search  
to re la te  the pupils ' achievem ent in the m ini-pro jects to psychological m easu rem en ts. It 
is in ten d ed  in th is chap ter to d isp lay  only the pup ils’ perfo rm ance and ach iev em en t in 
m in i-p ro jec ts  (chem istry ) w ithout a ttem pting  to relate it w ith p sycho logy . B u t in the 
next ch ap te r such a connection w ill be taken into consideration w hen the w hole p ic tu re  
w ill be d raw n  together in order to find  out w hat sort o f learning and atta inm ents w ou ld  
take p lace  am ongst various pupils in the schools' laboratories and by invo lv ing  th em  in 
perfo rm ing  such a c tiv itie s .
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6.2 The Research Assessment Method of the Mini-Proiects
In d esig n in g  th e  m ini-pro jects, H adden (1990)(152) has d em an d e d  th a t a specia l 
em phasis be given to assessing  abilities which are peculiar to m in i-p ro jects , ra th er than 
m erely  repeating  the assessm ent procedures w hich are carried o u t in school science.
E ach  m in i-p ro jec t m ay require o f the pupil several ab ilities in o rd e r to tack le the 
p ro b lem  and  reach  the so lu tion . H adden  (1990)*1521 has u n d erlin ed  m an y  ab ilitie s  
w hich m ay be needed  in perform ing the m ini-projects such as:
I - A  p u p il w o u ld  need  the ab ility  to understand  the n a tu re  o f  the
p ro b le m  g iven  w h ich  shou ld  be co m p a tib le  w ith  th e  se tte r 's  
intention.
II  - A pupil w ould  require  som e inform ation (relevan t to the so lu tion  o f
the p ro b lem ) from  the 'lo n g -te rm  m em ory ' to be re tr ie v e d  and  
transferred  to the 'w orking m em ory’. At the sam e tim e, an ab ility  to 
d iffe ren tia te  betw een the relevant from  irrelevant m ateria ls invo lved  
in the p ro b lem  (a separation  betw een the 's ignal' an d  the 'n o ise ') 
w ould  be necessary.
I I I  - A n o th er ability  w ould  be to use some heuristical m eth o d  in o rd e r to
facilitate the route to the solution. For exam ple, b reak ing  the p rob lem  
into sub-problem s, using trial and error and w ork ing  backw ards.
IV  - T he  creative  th ink ing  ability  could be shown in d o ing  m in i-p ro jec ts
by se lec tin g  and setting  up apparatus, con tro lling  v ariab les  and  by 
carry ing  ou t the w orking strategy at the bench.
V - A  pupil w ould need the ability to m ake observations, deductions, and 
co n c lu s io n s  and, if necessary , the ability  to rev ise  s tra teg ie s  in the 
light o f  experience.
V I - T he ability  to write up a lucid report which includes the w ork  that has
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been done and the solution.
VII - A pupil w ould  need  an eva lua ting  ab ility  to ev a lu a te  the re su lts  
o b ta in ed  from  the w ork  and to find  w h e th e r such  re s u lts  are  
com patible with the nature o f the problem .
S om e o f these abilities m ay be requ ired  too in the c lassroom  ac tiv ity , bu t o thers 
m ay  n o t be em ployed  outside the realm  o f the laboratory . T hus, the p re se n t s tu d y  
p re fe rred  to use m ini-projects as a chem istry  body ra ther than co n v en tio n a l ch em istry  
w h ich  m ay  h ab itua lly  be found  in the classroom . M oreover, the stu d y  used  m in i­
projects and not any other practical w ork activity in the laboratory because m ini-pro jects 
cou ld  p ro v id e  pup ils w ith an excellen t opportunity  to em ploy and  show  th e ir p rac tica l 
p ro b lem -so lv in g  abilities. In particu lar, m in i-pro jects could  p rov ide  an o p p o rtu n ity  fo r 
p u p ils  to  show  a creative  th ink ing  ab ility  (or m ay encourage  the p u p ils ’ c rea tiv ity )  
w h ich  m ay  not be stim u lated  w hen  pup ils  are invo lved  in n o rm al ac tiv itie s  at the 
laboratory .
6.2.1 The Procedure Employed
T h e  researcher started  his assessm en t m ethod o f m in i-p ro jec ts  by a n u m b er o f
(134)
tria ls o f som e projects from  the m ini-pro jects booklet in the five schoo ls invo lved  
in the p resen t research.
6.2.1.1 The Difficulties Found
In d esig n in g  an appropriate  m ethod  for m in i-p ro jects a ssessm en t, a n u m b er o f  
difficu lties w ere found:
I - P upils w ere asked to w ork  in pairs in the labo ra to ry  to tack le  m in i­
projects. G enerally , schools are not able to provide enough  appara tus 
or m aterials to allow  pupils to w ork individually . T he  a ssessm en t o f
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the pupils ' w ork (in pairs) therefore is extrem ely  d ifficu lt. It w ill not 
be easy  to find out w hich o f the pupils has figured  out a certa in  stage 
in the w ork tow ards the solution o f a project.
II - T h e  re se a rc h e r  fo u n d  that the so lu tio n s  o f  so m e p ro je c ts  are  
o b ta inab le  once the apparatus o f such a project are supplied . In o ther 
w ords, it w as fo u n d  that by giving pupils in ad v an ce  the  co m p le te  
apparatus o f som e m ini-projects (in the booklet) w ill be su ffic ien t to 
d irec t p u p ils  to w ard s the p roper so lu tion  o f such  p ro jec ts . M ini- 
p ro jec ts  w ere designed  to stim ulate the pupils' c rea tiv ity  to innovate  
an d  to ex p lo re  so lu tio n s . T herefo re , the ap p a ra tu s  m u st n o t be 
supp lied  until pup ils  ask for it.
Ill - T he th ird  d ifficulty  found in the w ork w as the am oun t o f help  (hints) 
w h ich  m ay be g iven  to the pupils during the ex ecu tio n  o f  the  tasks. 
T h ree  k inds o f help  are assum ed to be re lev an t in p erfo rm in g  the 
m in i-p ro jec ts : (i) exp e rim en ta l ass is tan ce  (ii) fa c tu a l h e lp  (iii) 
encouragem en t. It is believed that a p recise p ro ced u re  fo r co u n tin g  
the am oun t o f help given to the pupils during the w ork is essen tia l fo r 
assessm en t pu rposes.
6.2.1.2 A New Design for the Mini-Proiects Sheets
D ue to the d ifficu lties  found  in som e trials o f projects in the sch o o ls ' sam ple , the 
re sea rch e r p ro p o se d  a new  d esig n  for the p ro jects se lec ted  fro m  the m in i-p ro jec ts  
b o o k le t(134) to be used  in the schools. A sam ple o f a pro ject sh ee t b e fo re  a lte ra tio n  is 
show n in figure 6 .1 , and a sam ple o f the sam e p ro jec t after a lte ra tio n  (the  new  desig n ) 
is show n in figu re  6.2.
T h e  a lte ra tio n  in  the sh ee t design  (figu re  6 .2) p ro v id es  m o re  fa c ilit ie s  fo r
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assessm ent ev en  w h en  pupils are w orking in pairs or in th rees. E ach  pup il in a p a ir or 
in a group o f  th ree  w ill have a single sheet o f a p rob lem  (p ro ject). T h e  p ro b lem  has 
been set up in sec tion  1 in the new  sheet design and is w ritten  in the sam e w ay as the 
o rig inal sheet d esig n  (figure 6.1).
A gap in sec tion  2 is provided for pupils to write their first though ts or p lan  w hich 
m ay com e to th e  p u p ils ' m inds to solve such a p rob lem . T h e  th ree  v e rtic a l b o x es  
opposite  to the gap  are to be used by a teacher fo r in d ica tin g  the  freq u en cy  o f  help  
w hich has been  g iven  to the pupil during  setting up the first p lan  fo r the p rob lem . T he 
upper box is sp ec if ied  fo r the am ount (frequency) o f the ex p e rim en ta l help  g iven  o r 
needed , fo r e x a m p le , se tting  up som e apparatus o r ex p la in in g  th e  fu n c tio n  o f  the 
apparatus. T he  m id d le  box is specified  for the am ount (frequency) o f  the fac tua l help  
given o r needed , such  help w ould concern know ledge and understan d in g  o f the general 
concep ts  and  p rin c ip le s  o f chem istry , it depends upon w hat k n o w led g e  p up ils  have. 
The low er box is specified  for the am ount (frequency) o f the en co u rag in g  help  g iven or 
needed. It is p ru d e n t to m ention  here that the encourag ing  help  is n o t as v ita l as the 
exp erim en ta l o r in fo rm atio n  help  and thus any assessor, in  a sse ss in g  m in i-p ro jec ts , 
m ust d ifferen tia te  betw een  the level o f im portance o f the help g iven to  the pupils, and if 
the frequency  o f  help  needed  w ill effect the pupils final scores, then  the en co u rag in g  
help should  w eig h  less in the pupils scores.
Section 3 in the new  sheet design o f m ini-projects concerns the apparatus required  
for the p ro jec t o r th e  ex p erim en t. T his apparatus m ust be p ro p o se d  by th e  p u p ils  
them selves to  a llo w  m ore room  for crea tiv ity  and to p re v en t an y  h in t fro m  b ein g  
random ly given  tow ards the solution. Providing apparatus in advance  fo r som e p ro jec ts  
could ruin the m ain  ob jective o f  m ini-projects (i.e. stim ulating pup ils ' creativ ity ).
NAME: CLASS: PROJECT: ^
1. WHAT YOU ARE ASKED TO DO:
You h a w  1o find llio Ix-st im-tlmd lor  i^ottinp the  i om out  ol 1 he i re <. nbe 
w i t h o u t :
a) l)rf.ikiii(; the  ice:
h)  nsini:  a name or hoi plate;
c) nsi i tg your  own body ho.it.
You ha vo also to doscr ibo  tho host  mol hod you t iml .
2. WHAT YOU HAVE BEEN GIVEN TO WORK WITH:
Your teach e r w ill  t e l l  you what appara tu s and chem icals you can use.
You may use any te x t books, d a ta  books o r  Chemistry no tes you th ink  might 
h e lp  you.
3. EEKKE YCU STftRT EXPHtMNES:
Read what you a re  asked to  do again  c a re fu l ly .
Now w rite  down here any ideas about how you could make a s t a r t :
( I f  you have no id eas a t  a l l  a f t e r  you have thought as hard a s  you can , ask 
your teach e r fo r  some h e lp .)
Now w rite  down here  any id eas about how you could continue your experim ents.
4 . SHOW YOUR IDEAS TO YOUR TEACHER BEFORE YOU START ANY EXPERIMENTS.
Now 8t a r t  your experim ents. Use the  o th e r  s id e  o f  th i s  page to  w rite  up your 
method, o b se rv a tio n s , r e s u l ts  and co n c lu s io n s.
Give your Report to  your teacher and t id y  up your bench.
Figure 6.1 A sample of mini-project before alteration.
NAME: CUSS: PROJECT: *+5
1 ♦ THE PROBLEM: You have to find  the b e s t method fo r  g e tt in g  the coin out of 
the  ic e  cube w ithout:
2 . YOUR FIRST PLAN:
Read what you have been asked to  do c a re fu lly  again .
Wow vrrite down here your FIRST PUN fo r  what you in ten d  to  do:
( I f  you have no ideas fo r  a plan a f t e r  you have thought as hard as you can 
ask your teacher fo r  some h e lp .)
3- YOUR APPARATUS:
Think c a re fu lly  about the apparatus you th in k  you w i l l  need to  carry  out 
your plan as an experim ent.
How w rite  down here a l i s t  o f the  apparatus you th in k  you w il l  need:
Note: You may use any te x t  books, da ta  books o r  Chem istry no tes you th in k  
might help  you.
4 . SHOW YOUR PUN AND YOPR LIST OF APPARATUS TO YOOR TEACHER BEFORE YOU START 
ANY EXPERIMENTS* (Your teach er w ill  provide you w ith  th e  a p p a ra tu s .)
Now s t a r t  your experim ents. Use the o ther s id e  o f th i s  page to  w rite  down your 
method, r e s u l ts  and conc lu s ions. (You should use diagram s o r  ta b le s  to  i l l u s t r a t e
a) breaking the ic e .
b) using  a flame o r  h o t p la te ,
c ) using  your own body h ea t.
You have a lso  to describe the b e s t method you fin d .
your r e s u l ts  where p o s s ib le .)
Figure 6.2 A sample of the same mini-project after alteration.
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T h e  final section  (section 4) in the new  sheet design o f m in i-pro jects is the actual 
w ork  section . A nother three vertical boxes are provided  here to be used fo r assessm en t 
p u rp o ses. T h ese  boxes concern  the frequency  o f help and are to be used in the sam e 
w ay as they  w ere im plem ented  in section 2 in the pro ject sheet (experim en tal, fac tu a l 
and en co u rag in g  help).
6.2.1.3 The Assessment Sheet of Mini-Projects
T h e  new  sheet design  o f the m in i-p ro jects has g iven the pupil an o p p o rtu n ity  to 
w ork  an d  to w rite  w hat he/she in tends to do and w hat he /sh e  d id  clearly . M o reo v er, 
the teach er m ay find  that w hat the pupils did and obtained in the laboratory is assessab le 
(apart fro m  the practical skills) once the frequency  of help is evaluated. H ow ever, from  
the re sea rc h e r 's  observations in schools, teachers m ay find that the ad m in is tra tio n  o f 
m in i-p ro jec ts  co u ld  becom e easier if the num ber o f pupils invo lved  in the lab o ra to ry  
does n o t ex c eed  15. A ny g reater num ber cou ld  resu lt in chaos, and p ro v e  d iff icu lt to 
o rgan ise w ithou t assistants.
F ro m  the new  design  o f  p ro jec ts, the research er in tends to tran s la te  w h a t the 
pupils d id  ind iv idua lly  (using the teacher's assessm ent) into the language o f scores and  
th ere fo re  an  asse ssm en t sheet w as used fo r this purpose to co n stitu te  all the p u p ils ' 
perfo rm ance and achievem ent. Such an assessm ent sheet is exhibited  in figure 6.3.
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Figure 6.3 T he assessm ent sheet used fo r the m in i-p ro jects’ assessm en t in the
research.
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T he assessm ent sheet o f  m in i-p ro jects com prises o f 6 questions. T hese  qu estio n s 
are re la ted  to the pup ils ' w o rk  in so lv ing  any project. T he a sse sso r m ay  use  such  
q uestions to convert a pupil's w ork into m arks for school assessm ent purposes:
I - T he first tech n iq u e  w hich  has been em ployed  in the a sse ssm en t
m eth o d  w as to  g ive  p u p ils  5 m arks, at the b eg in n in g  o f  the  
assessm ent, fo r th e ir w ork  in any p ro jec t w hether the p ro je c t has 
been acco m p lish ed  o r not. T his technique is in tended  to ra ise  the 
pupils ' scores so that no negative scores w ere possib le , and  to allow  
the assesso r (the re search er) to subtract som e m arks, la te r in the 
assessm ent, from  the pupils total scores every tim e they needed  help  
(as will be seen later).
II - In question  1 fo u r possib ilities in scoring are available (i) Y ES fo r a
strong initial w orkable p lan  which gives a pupil 3 m arks (ii) Y ES for 
a not bad initial w orkable plan which gives a pupil 2 m arks (iii) Y ES 
for a w eak initial w orkable plan which gives a pupil 1 m ark  (iv) and 
N O  for a w rong  in itial w orkable plan w hich gives a pupil no  m ark  
(zero). Such a d istribu tion  o f m arks is believed to be fa ir since the 
first thought is deem ed  to be very im portan t for the w ork , it is also  
fair because the pupils have to set up their initial p lan  individually . A 
pupil w ith  a w eak  p lan  m ay need help, but if so the re se a rc h e r  
recom m ended no t to give h im /her 1 m ark, instead such a pup il w ill 
be considered  as hav ing  an unw orkab le plan (no m ark  sh o u ld  be 
given). T herefore a c lea r line betw een a w orkable p lan  (w h e th er it is 
s trong /no t bad /w eak) and  an unw orkab le p lan  co u ld  be d raw n  to 
prevent any confusion  in assessm ent.
Ill - Q u e stio n  2 co n c e rn s  o n ly  the pup ils  who w ere  g iven  ze ro  in
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question  1. Such pup ils will be classified  as need ing  help , an d  the 
help  m ust be iden tified  and counted. T herefore, the a sse sso r m ay  
realise , from  the p ro jec t sheet, w hat sort o f help  w as g iven  to  the 
pupil (experim ental, factual, and encouraging  help), and  how  o ften  
(frequency). The researcher decided to subtract a m ark  from  a pup il 
(each  pupil has a lread y  go t 5 m arks from  the re se a rc h e r  a t the 
beg inn ing  o f the assessm ent) every tim e the experim en tal o r fac tua l 
help  w as given. A ha lf m ark  will be subtracted  from  a p u p il's  score 
every  tim e encourag ing  help is given. T he experim ental and  fac tua l 
help  are considered  to be m ore im portan t and  e ffec tiv e  to w ard s  
obtain ing  a w orkable p lan  than the encouraging help and  thus 1 m ark  
is sub trac ted  from  the pup ils ' scores w hen the ex p e rim en ta l an d  
fac tua l help are needed , w hile h a lf a m ark is su b trac ted  fro m  the 
pup ils ' scores w hen the encouraging help is needed.
IV - In question  3 the researcher intends to find out w hether any crea tiv e  
thought or m ethod has been em ployed in the experim ent. O ne m ark  is 
fo r the answ er Y ES, and  no m ark (zero) for the an sw er N O . It is a 
bonus w hich has been  dec ided  for any pupil w ho b rin g s c rea tiv e  
though t tow ards a solution.
V - In q u estio n  4  the pup il can  get 2 m arks if  h e /sh e  f in ish e d  the 
experim en t w ithout fu rther help from  the teacher (answ er N O ), bu t 
the pupil m ay need help during the actual work (answ er Y E S ) and  if 
so, the sam e p rocedure  o f subtracting and aw ard ing  m arks w ill be 
used (as adm inistered in III above). The subtraction in th is stage w ill 
be in h a lf m arks ra ther than in full m arks and in all the th ree  boxes. 
T o ju s tify  this, it is believed  that the experim ental and  in fo rm a tio n  
help  in th is stage are not as vital as at the beg inn ing  o f  the  w o rk
(during the initial plan) while for the encouraging  help, the researcher 
believes that the pupil in this stage should be m ore independen t than 
a t the b eg inn ing  o f the w ork and he/she sh o u ld  no t need  m uch  
encouragem ent. Thus, to subtract a ha lf m ark  from  the pupil for the 
g iven encouraging help could be rational.
VI - In q uestion  5  four possib ilities in scoring are availab le  (i) Y ES for a 
s tro n g  resu lt w hich g ives a pupil 2 m arks (ii) Y ES fo r a no t bad  
re su lt w hich  gives a pupil 1.5 m arks (iii) Y ES fo r a w e a k  re su lt 
w h ich  g ives a pupil 1 m ark (iv) and N O  for a w ro n g  re su lt w hich 
g ives a pupil no m ark (zero).
VII- In question  6 the level o f d ifficulty  o f each p ro jec t co u ld  be assessed  
from  the teachers' po int o f  view . T eachers are co n sid e red  to p lay  a 
very  im portan t role in evaluating the level o f d ifficu lty  o f each m in i­
p ro jec t because they are so close to the pup ils and  they  m ay give a 
p recise  estim ation for such projects. The teacher is asked  to w rite on 
the pup ils ' sheets the num bers 1, 2, and 3 w hich ind icate  the level o f  
d iff ic u lty  o f the p ro jec ts. 1 M eans that the p ro je c t is easy  an d  
therefore no extra m ark will be aw arded to the pupil, 2 m eans that the 
p ro jec t is fair and therefore 1 extra m ark will be aw arded  to the pupil, 
and  3 m eans that the p ro jec t is d ifficu lt and  2 ex tra  m arks w ill be 
aw arded  to the pupil fo r perform ing such a project.
T h e  h ig h est score that could  be obtained by the pupil fro m  such an assessm en t 
m ethod  is 15 m arks in each m in i-p ro ject (10 m arks from  the asse ssm en t o f the actual 
work o f the pup ils  p lus 5 extra m arks w hich were given to all pup ils at the beg inn ing  o f 
the assessm en t). T he m ark ing  schem e w hich was exp la ined  ab o v e  is show n in figu re  
6.4 on the assessm en t sheet.
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Figure 6.4 The marking scheme on the assessm ent sheet o f the m ini-projects.
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T h is  m ark in g  schem e has been used in the five schoo ls invo lved  in the research , 
and  it w as ca p ab le  o f  being translated  into pup ils ' n u m erica l scores fo r assessm en t. 
N e v e rth e le ss , th is  m eth o d , as s ta ted  b efo re , w as e m p lo y ed  o n ly  fo r the  p re sen t 
re se a rc h  a s se ssm e n t p u rp o ses  and not fo r c lass ro o m  asse ssm en t fo r ex a m in a tio n  
p u rp o se s .
6.3 The Administration of Mini-Projects in Schools
It is w orth  explain ing  how m ini-projects w ere adm inistered  in the schools selected  
fo r the study.
D ue to the lack  o f apparatus or o ther facilities in schools, the pup ils w ere d iv ided  
in to  a ce rta in  n u m b er o f pairs in order to do m in i-p ro jec ts . E ach p a ir o f  p u p ils  w as 
asked  to  do a p ro jec t w hich was d iffe ren t from  the o th er p ro jec ts  u sed  in the sam e 
session in the laboratory .
A t the beg inn ing  o f the session, a teacher exp la ined  w hat pupils m ust do w ith  the 
g iven  sh ee ts . E ach  pup il in the labora to ry  w as h an d ed  a m in i-p ro jec t sh ee t w h ich  
rep resen ted  a p ro b lem  (there are tw in sheets for every  sing le p ro jec t in v o lv ed  in the 
session), and as yet no one should  know  h is/h er partner. T he research  a im ed  to allow  
p u p ils  to  w rite  th e ir ow n in itial thoughts and  p lan  to so lve the g iven  p ro b lem . T he 
pupils w ere  p erm itted  to use any text books or chem istry  no tes w hich  m ig h t be usefu l 
or help fu l. A fte r a certain  tim e (depends upon the teacher), the teacher started  assessing  
the p u p ils ' p lan s  using the upper colum n o f boxes in the pup ils ' sheets. H elp  and  hints 
should  be  g iv en  fo r those w ho stuck in the first ph ase  o f the w ork  (o f  co u rse  w ith  
reco rd in g  the freq u en cy  o f help  in the boxes p ro v id ed ). M oreover, teach e rs  had  to 
check the safety  o f  the plan. A t the end o f this stage, every  pupil should  h av e  a p roper 
plan ready  fo r testing  to find out a solution.
154
L ots o f in teractive discussions betw een the teacher and the pup ils  em erged during  
this s tage  w hich  ad d ed  a g reat m any advantages to the learn ing  p rocedures o f  pupils. 
Such d iscu ss io n s  c rea ted  a good atm osphere for stim ulating , re triev ing , m an ipu la ting , 
and ev a lu a tin g  ch em ica l concepts and princip les which en riched  the pupils ' know ledge 
and understand ing  o f  chem istry  as well as developing their attitudes tow ards science.
In  th is  s tag e  p u p ils  a lso  had to w rite  w hat ap p a ra tu s  w as req u ired  fo r the 
ex ecu tio n  o f the ex p e rim en t?  H aving fin ished  all this (pa rt 1, 2, and  3 o f the p ro jec t 
sheet), pup ils  w ere now  ready to jo in  their partners for the ac tua l p ractica l w ork  and to 
solve the m in i-p ro ject (the problem ).
In the nex t p h ase  o f the laboratory w ork  the teacher instructed  each pupil to w ork 
w ith  a p a r tn e r w ho  is go ing  to be nam ed for the first tim e. T he  pup ils in each  p a ir  
d iscu ssed  to g eth er a best plan for tackling  the given problem . It w as possib le  to notice 
fo r any  p a ir th a t on e  o f the pup ils becam e dom in an t and  the o th er pup il b ecam e a 
fo llo w er in acco rd an ce  w ith their level o f in telligence and  c lev e rn ess  in the sub ject (it 
seem s th a t p u p ils  e s tim a te  such lev e ls  in each  o th e r fro m  d a ily  p ro g re ss  an d  
co m m u n ica tio n  in any  given subject). H ow ever, a single ag reed  plan  finally  em erg ed  
from  the pair nom inated  for the experim ental work. The teacher checked  the agreed plan 
for safety  and gave the green light to start the job.
T h e  th ird  ph ase  com prised  o f the actual w ork  (part 4 o f  the p ro jec t sheet). In this 
phase p u p ils  se t up the apparatus and started do ing the ex p erim en t. T hey  m ig h t need  
help in som e stages and  thus teachers could  assess such help  g iven  and using the low er 
co lum n  o f  b o x es in  the  p ro jec t sheet to record  the frequency  o f  help  if any, and by a 
s im ilar p ro c ed u re  to the p rev ious one w hich w as app lied  in sec tion  2 o f the p ro jec t 
sheet.
In  the in s tru c tio n  p art o f  the m in i-p ro jec t b o o k le t, H ad d en  and  Jo h n s to n e  
(1 9 9 0 )(134> hav e  spec ified  up to one hour (or a duration  o f a 'doub le  p e rio d ’ if perio d s 
are o f  30-35  m in u te s  dura tion ) as a tim e lim it fo r such p ro jec ts. T h erefo re , each  p a ir
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sh o u ld  be ad v ised  to keep som e tim e b efo re  the end  o f the labora to ry  session  fo r the 
w ritin g  up o f  the ac tua l w ork done w ith  the co n c lu sio n s and d iag ram s if any. T he 
pup ils cou ld  use the back of the project sheet to w rite their procedures and conclusions.
A t the end  o f the period, all sheets w ere gathered  from  the pupils. T he a sse sso r 
(the re sea rc h e r here) then converted  the w ritten  m ateria ls and the freq u en cy  o f help  
g iv en  in to  n u m erica l scores by using  the m ark ing  schem e show n in the asse ssm en t 
sheet o f  the m ini-pro jects (figure 6.4).
6 .4  T h e  P u p ils ' A tta in m e n ts  in th e  M in i-P ro jec ts
H av in g  p repared  a plan for the eva lua tion  o f m ini-pro jects, p ractical sessions o f 
m in i-p ro jec ts  took  p lace  in each school selected  for the p resen t study. T he sam ple o f 
sch o o ls  w as ask ed  to do  a m in i-p ro jec t fo r research  p u rposes and  no t on ly  fo r the 
schoo l pu rposes. Schools w ere free to select a num ber o f  pro jects from  the b ook let fo r 
te s tin g  on  th e ir  p u p ils  in acco rd an ce  w ith  each  sch o o l's  fa c ilitie s  and  e q u ip m en t 
available.
It is in tended  in this chapter to show  only  the perform ance and ach ievem en ts o f 
the pupils in m ini-projects and therefore no correlations betw een such a variable and the 
psycho log ical variables studied in the previous chapters will be plotted or m easured. A ll 
possib le  co rrelations w ill be discussed in the next chapter.
S am p les  o f  the pupils answ ers in m in i-p ro jec ts  w hich w ere ob ta ined  du rin g  the 
p rac tica l sessions adm in istered  in schools are exh ib ited  in figure 6.5 (a), (b), and  (c). 
M oreover, additional sam ples o f the m in i-pro jects answ ers are to be show n in append ix  
5.
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1 . « B  WPBMHl
T o u  h a r e  t o  p r o d u c e  e x a c t l y  1 c a ^  o f  p u r s  w a t e r  f r o a  t h e  c o l o u r e d  n t i r .
z. took ro o t PLtft
l e a d  w h a t  y o u  h n *  t e n  u M  t o  d o  e a x w f u l l y
lo w  w r i t e  d o w n  h a z a  y r a r  7 Q S 1  F U I  f o r  w h a t  y o u  I n  t r a d  t o  d o :
To i£ * o e  p»oW,ci'A ( r c i i'<"’ t - ^ r .y  / ,  " o n -fie ty c o (o  i*rcf X ; ‘o
U*A">t a  bcxJi UJO* «AJ0qpcadncr»' twou occov Cue’ cotlic^ W*c ptu«
yoOLVs' a 'cv^  c- c \ c £ ' W y  tube &.* lX<* coLoun.'XA’ '•vqpej tux/-
t oC»p(>iC‘tS7
( i f  y o u  b a r e  n o  I d a a s  f o r  a  p l a n  a f t o r  y o u  h a v e  t h o u g h t  a a  h a r d  a a  t o u  c a n  
a s k  y o u r  t a a c b o r  f o r  s o a a  h e l p . )
3. TOOK APPARATUS:
i t i -i " i f  c a r * f u l l y  a b o u t  t h o  a p p a r a t u s  y o u  t h i n k  y o u  w i l l  n e e d  t o  c a r r y  o u t  
y o u r  p l a n  a a  a n  a z p e r l a a n t .
l o w  w r i t *  d o w n  b o r a  a  l i s t  o f  t h e  a p p a r a t u s  y o u  t h i n k  y o u  w i l l  n e e d :
OCUiMrrr TU(3C
C O i - O f M S E t f
BumsOo
OLUV-D " c u t m n  ^ 'T E S T  TUQfe f t s m o i - i  o  f  I A S t
- n o e « r * o - > u T f y .
'^ JaStKt
I o t a :  T o u  a a y  u o o  a n y  t o r t  b o o k s ,  d a t a  b o o k s  o r  C b o a l s t r y  n o t e s  y o u  t h i n k  
s i g h t  h e l p  y o u .
,petiv£^'n^ -
4 . SHOW jnn» M-*w *J"> Tnro> T/prr o r  APptBiTTT! jn  mm> tp .ictto  wctom t op STABT 
AST M K B T 1 B I T S .  ( T o u r  t a a c b o r  w i l l  r a - o r i d a  t o u  w i t h  t b s  a p p a r a t u s . )
l o w  s t a r t  y o u r  a x p e r l a e n t s .  U s e  t h o  o t h e r  a i d e  o f  t h i s  p a g e  t o  w r i t s  d o w n  y o u r  
a a t h o d ,  r e s u l t s  a n d  o o n o l u s i o n a .  ( T o u  s h o u l d  u s e  d l a g r a a s  car t a b l e s  t o  I l l u s t r a t e  
y o u r  r e s u l t s  w h e r e  p o s s i b l e . )
AIM '  "To KipcuOlO to * ’ erj puie OOOXti  ^ q  O o lo u x tf  OoCl(E>
SOLuVlCH .
HgfteCO  -  (aJo c l id  o u v  OfpevuAWLtiU-bej b o  1Iiiaq SCiLui^o-^ cj oXkU^ ~ 
dvxi C d C l l A ^ r 'C j  T K jU }  p K O d j J C s d  c v  C jQ - 'l  U t ' l 'X j k '  'J0 *  pCKOJod O i l o t ^  
a  COVtVibCfir IU d  co kx V iV '^ '  O X il^ tl IV ( iO v iv  Cit'd
lV  O C ^ I U N  t U x . 1  < r .V 3 o d k o d  tt*> O  I S ^ K A i c  & >  L tv e
V X W w V \ Cr^  UAtt dcJuLOCM\i V ubo Cjtyvci y>j«t U x n  n*©xCy>iocl ' U O i l -  
T\\Il O qu.'pvuaki' t l - i o d  VlXlA iX i t-CHGuuS O VTjUV'C-'
('<" t r V r t J V  , v \ t i f / D  '>.*130/1 !> » ;. «, I > > I ' l b o  . »» -it < - . b o  . I, >.......  ., ,,
.  M  < i t / 1'  i v  T in :
C ^ i .C u .i 'f c O  tO U .rT 'O A .'
— t i c t  T i u i » .
r  |.
*^076 GOJosPkJCC»XuistQ» ,^
A  v f c * i  c o ^  - s c f c m k i  u x x i a > - a  c x i b c u > « *  s d U i W s v  o u c m ^ C j  D t s l o H c i n c
O x b ^ a a  yol^<Vv p io c c  it^ D »^JaU sW > i to o p o ra k T o *  - ^ ( o a
<*y*
Figure 6 ^  (a) A sample of a pupil's answer in a mini-project.
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it j g  now**;
You have to  fin d  which drop has tha larger volu 
the burette or tha drop fro* tha p lp a tta .
tha drop frc
isJBaJOBUBill
Bead what you havw baan naked to  do cars f u l ly  again .
■ow w rits  down h o is  your TIBST F U 1 fo r  what you intend to  do:
t . i n i  <-• t ' . r j  ; V m  • V , i . r T >  „ .< '  c« p e n  .
Y'\m-tc cn > o o»o-W- ■>, .VJ-, ca .,,-U
c.ck^ag mot of *-Ox- t' (rrjCicm'• Vc.1>'U
( i f  jou  haws no idaas fo r  -  r  —  
ask your teacher fo r  aose h e lp .)
a plan a f t e r  you haws thought
a l  b .  1
aa hard aa tou can
3 . TOOH APPAHATOS:
Think ca r e fu lly  about the apparatus you think you w i l l  need to  carry out 
your plan as an experim ent.
Sou w rite  down here a  l i s t  o f  the apparatus you think you w i l l  need:
fiipetVe 
fcore V^ e
A t o o  rvje'CtG .uv \ r*£^' c  \N' r  
''Cyxxcl
Ciomp etervct
Bote: Tou may use any te x t  hooka, data hooks or Cheats tr y  n otes you think  
s ig h t  help  you.
4 .  SHOW TO™ TT-iS IWP TOOH U 3T OF APRUIdTPB TO TOPE TEACHER BETOHB TOO 3TAKT 
AMI KCHatnmT3« (Tour teach er w i l l  growide you w ith  the apparatus.)
Bow s ta r t  your experim ents. Use the other s id e  o f  th is  page to  w rite  down your 
aathod, r e su lts  and co n c lu s io n s . (Tou should use d lagraas or  ta b le s  to  i l lu s t r a t e  
your r e su lts  where p o ss ib le . )
~Tc- CO W\iT_ c • «! —I > o» V.K B Y-'prtV , \jufC-VNt?- 
c 'c u 'T ^  1 '.O cU xt V.nX: m r a C - u J i r t ^  C ^\.rcV > vj
\£ e >  ( ~ J lA x c \  i w e -  t ip  u c lO t i  u : c » U r  cxr-o*
m  -m e -  r ^ t r v  c f  cW r-p r V w i v tx -  w a c O ir
' r > o ^ - \  c n - -  -VV-e- f r e c i c A *  ^  cMircW mactie-d lO cm 1.
yjOr d o r v  i W  a * « -  ( c v  \^V>e ' t j o r r r t e  .
f i e c o A i c
“TPc VoV> \°\? cWop* Cvk.v to  \0<
te ~ v  3 \S  .
CoOC-UjCicrt
” \nc p-tp<5AlC V>QD O \ oa-c^ c-r oolumfi p**' ckcrp
' o u r c + t e  .
Figure 6.5 (b) A sample of a pupil's answer in a mini-project
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1 . THE PB0B1ZH:
A eanufacturer ia  designing a new aachlne which w il l  supply cupa o f  tea
when a co in  i s  put Into the machine.
Tou hate to fin d  out which o f  the types o f  sugar you have been g iven  ia
the beat one to  use ia  tha aach lne.
2 . TOUR FUBT FLAM:
Bead what you have been asked to  do c a r e fu lly  again.
Mow w rite down here your TIKST PLAM fo r  what you intend to do:
/ * *»/ w ~'w ** 
m-i k vlU*. --"7 *7*^  ***-? V 0"u 1
, - M  +~Jt 4  j  j ~ , 1
* rf '•* (<j ^ /»/ ytyV' >v y  I |
> 4 * , .  — /  -W « r  y  ^  ^  ^
J /  A..y, ^  ^  * -A p - ^ y  ^
( i f  you have no ideas fo r  a plan a f t e r  you have thought aa hard as you can 
ask your teacher fo r  soae h e lp .)
5 . TOOK APPAHATOG:
ih i i *  ca r efu lly  about the apparatus you think you w i l l  need to  carry  out 
your plan as an experiment.
Mow w rite down here a l i s t  o f  the apparatus you think you w i l l  need:
jemLi
*uXjbT~A~~‘
! % ? $  * 7 ^
b n -  5i d > -. y d .tJj* y * m  .
/ < * h e p  .
Mote: Ton nay use any te x t  books, data books or Chemistry n o tes  you think  
n igh t help  you.
4 .  SHOW to™ w a s  iwn Tom T.TST OP APPAPATTK TO TO OR TEACHER BETOHE TOP 3TAMT 
AHT E1PERIHEMTS- (lo u r  teacher w i l l  provide you w ith  the apparatus.)
Mow s ta r t  your experiments. Use the o ih er  s id e  o f  th is  page to  w r ite  down your 
M e t h o d f r e su lts  m m ! con clu sion s. (Tou should use d la g r a s  or  ta b le s  to  I l lu s t r a te  
t o u t  r e su lts  s h o r e  p o ss ib le . )  . ,
‘r~*> ^
iJt fJ- « k^ *y ^
Mb
r^ oJi ku. if
fu
jtwrv*/ eUd* 4<
3 1
C* o-e * /
M t»kJ * M  •***&-'<-/
<yS ^  <>vf teakfj
V*** «"* <L\it^ uA ( * v  ( n ^ i  •<- V J j
fyur^U tJ
6takf I r J
Figure 6.5 (c) A sample of a pupil's answer in a mini-project
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A fte r each  p ra c tica l sessio n , the pupils sheets w ere g a th e red  an d  asse sse d  
acco rd ing  to the research  assessm ent plan w hich was m entioned earlier. It took  abou t a 
year o f  this research to get all the sam ple from  the five schools (217 pupils) tested  in the 
m in i-pro jects. The m ean score and the standard deviation o f the sam ple's a tta inm en ts in 
the m in i-p ro jec ts  are show n in tab le 6.1. In addition to that a sca tte r d iag ra m  o f the 
p u p ils ' scores in the m in i-p ro jec ts  versus the frequency  and n u m b er o f  p u p ils  w ho 
o b ta ined  such scores is plo tted  as could  be seen in figure 6.6.
Table 6.1
The sam ple m ean score and standard deviation in the m ini-projects
N o. o f pupils in the 
sample
M ean score Standard
deviation
217 9.07 2 .49
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F ig u re  6 .6  The sam ple scores in the m ini-projects versus the freq u en cy  n u m b er o f
pup ils.
6 .5  Summary
T he study has created  its ow n m ethod o f assessm ent for a new  prac tica l p ro b lem ­
so lv in g  e lem e n t in the schoo l ch e m is try  ca lled  m in i-p ro jec ts . A c c o rd in g  to th is 
a sse ssm en t m ethod , p u p ils ’ w ork cou ld  be assessed in a sca le  o f  15 m ark s. S u ch  a 
m ethod  w ould  not be affected  if  p u p ils  are asked to w ork in d iv id u a lly  o r in p a irs  o r 
th rees.
In fact, the w ay to assess pupils do ing  projects together in a labo ra to ry  is d eem ed  
to be ex trem ely  d ifficult. T he pup ils ' co llaboration  in w ork ing  in a lab o ra to ry  w o u ld  
d em an d  a n u m b er o f teachers to superv ise , help and assess pup ils. A t the  en d  o f  the 
day, teach ers w ould  find them selves fo rced  to use the pupils resp o n ses  (sh ee ts) as the
best m aterial production  to represent the pupils achievem ent. It w ould  be ra ther d ifficu lt 
to re co rd  the help  g iven  to the pup ils during  the w ork. M o reo v er, the c rea tiv ity  in 
th in k in g  and  in d esig n in g  experim en ts w ould have no room  in the n o rm al p ractical 
w ork  in the labo ra to ry . T hus, the research  m ethod  o f a sse ssm e n t w as keen  no t to 
ignore any con tribu tion  from  either the teacher or the pupil. In th is w ay it w as possib le  
to d raw  a clear p icture o f the perform ance and achievem ent o f  pupils w hether they w ere 
w orking  in threes, in pairs or individually.
T h ere  are severa l ab ilitie s  invo lved  in the m in i-p ro jec ts (l52), the asse ssm en t 
m ethod  o f  the p resen t study aim ed to assess as m any as p o ssib le  o f  such ab ilities, it 
re lies on chem istry , on one hand, and on education and psycho logy , on the o ther hand. 
T he asse ssm en t sheet o f  m in i-p ro jec ts  is devoted  to the m easu rem en t o f the p u p ils ' 
ch em istry  ach iev em en t and their creativ ity  in doing  and d esig n in g  ex p e rim en ts  in the 
laboratory .
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CHAPTER SEVEN
T H E  R E L A T IO N S H IP S  B E T W E E N  M IN I-P R O JE C T S  A T T A IN M E N T S  
A N D  V A R IO U S P SY C H O L O G IC A L  F A C T O R S U S E D  IN T H E
R E SE A R C H
7.1 Introduction
T h e  u ltim ate  s itua tion  in this p iece o f w ork  w ill be reach ed  w hen  the pup ils ' 
a tta in m en ts  th ro u g h o u t the m in i-p ro jects are p laced  aga inst their ach iev em en t in the 
various psycho log ica l tests w hich have been em ployed  in the study. It is by p lo tting  all 
the v a r ia b le s  in v o lv ed  in the research  aga inst each  o th er th a t the  re sea rc h e r m ay 
d isc o v e r  new  co rre la tio n s  w hich  em erge and re su lt in new  h y p o th eses  fo r sc ience 
education.
T h e  fiv e  h y p o th eses  w hich  are ra ised  in c h a p te r fiv e  need  n o w  to be e ith e r 
supported  o r rejected. T his chap ter will deal w ith such hypo theses and w ill d iscuss any 
other resu lts w hich m ay be obtained.
H av in g  c lass ified  pup ils into certain  ca teg o ries acco rd in g  to the  p sy ch o lo g ica l 
fac to rs  u sed  (in  the p rev io u s ch ap te rs), it is n ecessary  to fo llo w  the p u p ils  in th e ir 
p e rfo rm a n c e  in p ra c tic a l p ro b lem -so lv in g  in ch em is try . It sh o u ld  e n a b le  us to 
u n d ers tan d  w hat is the nature and  the level o f p e rfo rm an ce  o f  each  g ro u p  in m in i­
projects or in o ther activities w hich require creative thinking ability.
T he  final p roduction  o f such w ork m ay assist educato rs to p lace  em p h asis  upon 
the needs o f  pupils in secondary  level when they perfo rm  practica l p ro b lem -so lv in g  in 
chem istry , it m ay also underline the faults and defects o f  the general sch o o ls ’ p ractical 
activity  (syllabi, p lanning , and objectives) com pared to the use o f  crea tive  tasks such as
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m in i-p ro jec ts . M o reo v er, this m ay rem ind  and stim ulate  the th in k in g  o f ed u ca to rs  in 
w hat k inds o f teach ing  are essential to enhance creativ ity , and o f the degree of a ttention  
w hich m ust be g iven  to d ifferent categories o f pupils in their learn ing  processes.
7.2  P lo ttin g  th e  F ie ld -D ep en d en t/F ield -In d ep en d en t T h in k in g  S tyles o f  
P u pils V ersus the M in i-P rojects A tta in m en ts
T h e  fie ld -d e p e n d e n t/f ie ld -in d e p e n d e n t p sy ch o lo g ica l fa c to r w as u sed  in the 
re s e a rc h e r 's  p re v io u s  w ork*1, 13). It w as p lo tted  v e rsu s  the p u p ils ' and s tu d en ts ' 
a c h ie v e m e n t in co n v e n tio n a l ch em is try  ex am in a tio n s  and  re su lte d  in a p o s itiv e  
correlation  betw een  the two variables.
H o w ev er, no a ttem pt w as m ade in that early  w'ork to co rre la te  betw een the fie ld - 
d ep en d en t/fie ld -in d ep en d en t factor, on one hand, and the ch em istry  w hich is invo lved  
in p ra c tic a l w o rk  o r p ro b lem -so lv in g  such as m in i-p ro jec ts . T h ere fo re , it is w orth  
looking  for any co rre la tion  w hich cou ld  be obtained  betw een the fie ld -dependen t/fie ld - 
in d ep en d en t fa c to r v e rsu s  p ractical p rob lem  so lving in ch em istry  fac to r - e sp ec ia lly  
those - w h ich  req u ire  a creative  th ink ing  ab ility  from  the p u p ils  such as the m in i­
projects in chem istry?
A c co rd in g ly , the  p u p ils ' sco res in the m in i-p ro jec ts  h av e  been  p lo tte d  as a 
variab le  versus th e ir fie ld -dependen t/fie ld -independen t score as the o ther variab le  w ith 
the re su lt that a very  s ign ifican t co rre la tion  em erged  as the P earson  P ro d u c t-M o m en t 
C o rre la tio n  C o e ff ic ie n t (r) w as 0 .30 . T he null h y p o th e s is1153, 154) co u ld  th en  be 
rejected  at a 0 .1%  level. F igure 7.1 show s such a correlation.
T h is  in d ica tes that pupils w ho scored h ighly  in the m in i-p ro jec ts  p ractical w ork  
tend to be fie ld -independen t w hile pupils w ho obtained low  scores in such pro jects tend 
to be fie ld -d e p en d en t. S im ilar co rre la tio n s  em erged  from  the re search er 's  p rev io u s  
work*1,13), the p u p ils ' scores in the fie ld -d ep en d en t/fie ld -in d ep en d en t test co rre la ted
164
significantly  w ith their scores in the conventional chem istry exam inations.
It is ev id en t fro m  the p resen t study that there is a stro n g er co rre la tio n  betw een  
fie ld -d ep en d en t/fie ld -in d ep en d en t and m in i-pro jects (score 0 .1 % ) than the corre la tion  
b e tw een  fie ld -d ep en d en t/fie ld -in d ep en d en t and conven tional ch em istry  ex am in a tio n s 
(sco re  5% ). T h is  fac t is apparen t betw een the tw o variab les (m in i-p ro jec ts  and field- 
d ep e n d en t/f ie ld -in d ep en d e n t variables) from  studying the d eg ree  o f con fidence  in the 
re jec tio n  o f the nu ll h y p o th es is (153’ 154) w hich appeared  to be at the 0 .1%  level in the 
m in i-p ro jec ts  s itu a tio n , w hilst the null hypothesis w as re jected  at the 5% level in the 
co n v en tio n a l chem istry’ exam inations situation*J).
'o
a .I
E
E
0)
JZ
c
o
4>U®o
C/3
20
18
16
14
•  •
12
M
10 •  M —
8
6 -»
4
2 • •  •
0
0 2 4 6 8 1 0 1 2 1 4 1 6 1 8  2 0
S core  on the F. D. & F. IN D . test
P earso n  C orre la tio n  = 0 .30 D egrees o f freedom  = 215 Tail p robab ility  = 0 .00
Significant at a 0.1%  level.
F igu re  7.1 T he p u p ils ' score attainm ents in the m in i-p ro jects versus their scores in 
the field-dependent/field-independent test.
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7.3 P lo ttin g  the C on vergen t/D ivergent T h in k in g  S ty les o f  P u p ils  
V ersus the M in i-P rojects A tta inm ents
T h e  n e x t s tag e  o f th is  w o rk  is to s tu d y  th e  re la tio n sh ip  b e tw e e n  the 
co n v erg en t/d iv erg en t thinking styles o f pupils and their attainm ents in the m ini-pro jects 
in c h e m is try . It is in tended  to allow  us to u n d erstan d  w hether pupils w h o se  ab ility  
c o n s is ts  o f  a narrow ing  in focus, a w innow ing  dow n o f detail and an im ag in a tiv e  
au s te rity  (convergen t pupils), will perform  and achieve better in the m in i-p ro jec ts  than 
the p u p ils  w ho  have an "ability  to syn thesize  and recom bine m ateria l to fo rm  new  
so lu tio n s  to  p rob lem s (d ivergent pupils)" (60>.
A s a  response  to the above question , the researcher p lo tted  the p u p ils ’ scores in 
the co n v e rg en t/d iv e rg en t tests versus their scores in the m in i-p ro jects as ex h ib ited  in 
fig u re  7.2.
P u p ils  w ho o b tained  h igh scores in the co n v erg en t/d iv erg en t tests  (d iv e rg en t 
p u p ils) o b ta in ed  again high scores in the m in i-p ro jects, w hile the pupils w ho ob tained  
low  sco res  in the convergent/d ivergent tests (convergent pupils) obtained low  scores in 
the m in i-p ro je c ts  too. T he sca tte r d iag ram  in figu re  7.2 show s a very  s ig n ifican t 
c o rre la tio n  (r = 0 .29) that em erged from  plotting  the tw o variables aga inst each  other: 
the nu ll hypothesis*153’ 154) could  therefore be re jected  at a 0.1%  level.
It seem s that the convergen t th inking ab ility  m ay not assist pup ils in perfo rm ing  
p rac tica l p ro b lem -so lv in g  in chem istry  particu larly  w hen the practical tasks requ ire  a 
creative and im aginative thinking ability.
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S co re  on the C on . & D iv. tests
P earso n  C orrela tion  = 0.29 D egrees o f freedom  = 215 Tail probability  = 0 .00
Significant at a 0.1%  level.
F ig u re  7 .2  T he p u p ils ’ score attainm ents in the m in i-p ro jects versus their scores in
the convergent/d ivergent tests.
B u ild in g  on w hat has em erged so far in this section , (i) pup ils  w ho are fie ld - 
independen t seem ed m ore likely to be divergent thinking pupils (both perform ed w ell in 
the m in i-p ro jec ts) as appeared from  figure 7.1 and 7.2, on the one hand, and (ii) pup ils  
who are fie ld -dependen t seem ed m ore likely to be convergent thinking pupils (both  not 
perfo rm ed  w ell in the m ini-projects) as appeared  from  figure 7.1 and 7.2, on the o th er 
hand. It has em erg ed  statistica lly  (as show n in tab le 7 .1) that the f ie ld -in d ep en d en t 
pup ils  o f  the re sea rc h e r’s sam ple tended to be d iv erg en t pup ils (59%  o f the fie ld - 
in d ep en d en t p up ils  w ere d ivergent pupils), w hereas the fie ld -dependen t pupils o f  the 
re sea rc h 's  sam p le  tended  to be m ore like ly  co n v e rg en t pup ils  (57%  o f the fie ld -
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d ep en d en t pupils w ere convergent pupils). T hese results (in table 7.1) are sign ifican t at 
b e tte r than  a 10% level as the C hi-square value is equal to 3.19.
T ab le  7.1
T he percentage o f field-dependent and field-independent pupils w ho are at the sam e
time convergent or divergent thinkers
Groups F. D. 
N = 63
F. IND. 
N = 81
Con. 36 33
5 7 * 4 1 *
Div’. 27 48
4 3 * 5 7 *
H o w ev er, these linkages will be d iscu ssed  further in the n ex t sec tio n s  o f  th is 
chap ter to enable this research to form  a final p icture about the sam ple o f pupils.
7.4  T he M otivational P atterns o f  P upils V ersus the M in i-P ro iec ts
Attainments
T h e  th ird  psychological factor w hich has been used in this study is the m otivation  
fac to r. T h e  sam ple  o f  the research  w as d iv id ed  ea rlie r in c h a p te r  fo u r  in to  fo u r 
m otivational patterns; the achiever, the conscientious, the curious, and the social.
T he patterns com peted against each other for the highest ach ievem ent in the m in i­
p rojects. It w as aim ed to find out w hether these m otivational patterns o f the pup ils had  
any influence on their perform ance in m ini-projects.
T h e  re su lts  show ed  that the ach iev ers  ob ta ined  the h ig h es t m ean  sco re , the 
curious cam e in the second place, the social and the conscien tious ob ta in ed  a lm o st the
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sam e m ean  score . H ow ever, the social cam e m arg in a lly  in the th ird  p lace  an d  the 
c o n sc ie n tio u s  in the fourth place. Table 7.2 exh ib its these m ean scores o f  the p u p ils ' 
m otivational patterns.
T able 7.2
T he m ean scores of the pupils' m otivational groups in the m ini-projects
M otivational Patterns 
N =  178 *
The M ean 
Scores in M ini- 
Projects
The
Standard
Deviation
The Achiever 
N = 11
10.95 2 . 0 1
The C onscientious 
N = 78
8.79 2 . 2 2
The Curious 
N =  32
9.96 1.93
The Social 
N = 57
8.91 2 . 6 6
* T o ta l n u m b er o f p u p ils  who w ere c a te g o rised  as b e lo n g in g  to c e r ta in  
m o tiv a tio n a l p a tte rn s. 29  Pupils o f the total num ber o f the sam ple (N  = 2 1 7 ) w ere 
ign o red  by  the study  either because they did not attend  any m otivation  test (N  = 4) or 
did no t c learly  belong to any m otivational pattern (N = 35).
T h ese  re su lts  are consisten t with attribu tes found in the literature*21, 74, 83, 83’
o / :  \
. T h e  ach iev e r pupil w as in the first place, he/she is m ore able than o thers to ob ta in  
high scores in the m ini-projects. This could be due to the fact that the ach iever th ink ing  
style is m ore likely  to be a field-independent and a d ivergen t style (see figures 5 .7 , 5.9, 
pages 135, 138 respectively) w hich aids him /her in achieving well in practical p ro b lem ­
solving in  chem istry .
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F o llo w in g  in second  p lace  w as the cu rious pupil. T h is  p u p il is e a g e r to  do 
p rac tica l p rob lem -so lv ing  and is capable o f creating relevant thoughts fo r so lv ing  such 
tasks. T he cu rious pupil is also m ore likely  to be a fie ld -independen t and a d iv e rg e n t 
th in k e r (see figures 5 .7 , 5.9, pages 135, 138 respectively). T hus, it w ill be ex p ec ted  
that such a pupil could  perform  well in the m ini-projects.
T he ranking  o f the conscientious and social pupils was the last in the co m p etitio n  
fo r the h ig h est score in m in i-p ro jects. Both pupils achieved s im ilarly , bu t the so c ia l 
p u p ils  o b ta in ed  a sligh tly  h ig h er m ean score than the c o n sc ie n tio u s  one. S uch  a 
d iffe ren ce  betw een both m ean scores is not sign ificant but it show s, to a sligh t ex ten t, 
that the social pupil m ay perform  better than the conscientious pupil in m in i-p ro jec ts . 
T he social pupil m ay enjoy doing m ini-projects m ore than the conscien tious and if so, it 
is du e  to the natu re o f each social m o tiva tional preference. T he socia l pup il likes to 
p artic ip a te  in any activ ity  which requires groups o f pupils w ork ing  to g eth er and he /sh e  
d o es  no t m ind partic ipa ting  in learn ing  ac tiv ities such as the m in i-p ro jec ts , w hile the 
c o n sc ie n tio u s  p u p il feels in secu re  in p erfo rm in g  such a c tiv itie s  w h ich  h av e  no 
in stru c tio n s  and  it is o f  no consequence w hether he/she is asked to w ork  in a g roup  o f 
p u p ils  o r  ind iv idually . M oreover, it has been found (see figures 5 .7 , 5 .9 , p ag es 135, 
138 resp ec tiv e ly ) th a t the social pup il is m ore likely to be a f ie ld -in d e p en d en t an d  a 
d iv e rg en t th inker, w hile  the consc ien tious pupil is m ore likely to be a fie ld -d ep en d en t 
and  a co n v e rg en t thinker. Thus, the social pupil could  be expected  to perfo rm  b e tte r  
than the conscien tious pupil in m ini-projects.
7.5 T he In teraction  betw een  F ield -D ep en d en t/F ield -In d ep en d en t and
C on vergen t/D ivergent L earn ing S ty les and their E ffec tiv en ess  on the  
A chievem ents o f  P upils in M in i-P roiects
In  o rder to understand  the vario u s p o ssib le  patterns w h ich  m ay em erg e  fro m
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co rre la tin g  all the psychological factors involved in the present study v ersu s  each  o th er 
and  v ersu s  the pupils' ach ievem ents in m in i-p ro jects at the sam e tim e, the re se a rc h e r 
in tends to study such possibilities o f patterns in the follow ing sub-sections.
7.5.1 T he A tta inm ents o f  F ie ld -D ep en d en t/D ivergen t and  F ield - 
D epend en t/C on vergent P upils in  the M in i-P ro iects
A c c o rd in g  to h y p o th e s is  (1) w hich  has been  set out in c h a p te r  fiv e  (the  
d iv erg en t field-dependent pupils m ay be expected to achieve better at p ractica l p rob lem  
so lv in g  in ch em istry  such as the m in i-p ro jec ts  com pared  to the c o n v e rg e n t fie ld - 
d ep en d en t pupils).
T h e  m e a n  sc o re s  o f  f ie ld -d e p e n d e n t /d iv e rg e n t  ( F D . d i v )  a n d  f i e l d -  
d e p e n d en t/co n v e rg en t (F D .c o n )  pupils in m in i-p ro jects  are set ou t in tab le  7 .3 . It is 
ev id en t from  table 7.3 that the F D .d iv  pupils perfo rm ed  and ach ieved  b e tte r  in m in i­
p ro je c ts  than  the F D .c o n  p u p ils  w hich m ay support, to som e ex te n t, w h a t w as 
p re d ic te d  in h y p o th esis  (1). Flow ever, the d iffe ren ce  in the m ean  sco re s  b e tw e en  
both  g ro u p s is not significant, but it is still an indication  w hich m ay show  th a t F D .d iv  
p u p ils  are m ore capab le than th e ir F D .c o n  co lleagues in dealing  w ith  p ro jec ts  w h ich  
require a creative thinking ability.
A lth o u g h  a pupil m ay have a fie ld -d ep en d en t th inking  style, b e ing  d iv e rg e n t in 
h is /h e r w ay  o f th ink ing  co u ld  be m ore help fu l than being c o n v e rg en t in ta ck lin g  
chem ical problem s w hich by their nature require som e sort o f a creative th ink ing  ability .
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Table 7.3
The mean scores of F D .d iv  and F D .c o n  pupils in the mini-projects
^ ^ G r o u p s
X
FD. d i v .  
N = 27
F D -  c o n .  
N = 36
M ean scores  
in the 
M ini-P rojects
8 . 8 7.5
7 .5 .2  T h e  A tta in m e n ts  o f  F ie ld -In d e p e n d e n t/D iv e r g e n t a n d  F ie ld -  
In d e p e n d e n t/C o n v e r g e n t P u p ils  in th e M in i-P r o ie c ts
H a v in g  stu d ied  the p e rfo rm an ce  o f F D .d iv  and F D . c o n  p u p ils  in the m in i­
p ro jec ts. it is beneficial now to study  the perform ance o f fie ld -in d e p en d en t/d iv e rg e n t 
p u p ils  (F I N D .d iv )  and fie ld -independen t/convergen t pupils ( F I N D .c o n )  in the m in i­
p ro jects too in order to understand the differences betw een the various learn ing  sty les in 
perform ing  the m ini-projects.
A cco rd in g  to h ypothesis (3) w hich  has been set out in ch a p te r  five  (the fie ld - 
independen t convergent thinkers could  be expected to display a poorer p erfo rm ance and 
a c h ie v e m e n t in p rac tica l p ro b lem -so lv in g  in ch em is try  c o m p a re d  to  the  fie ld - 
independen t d ivergen t thinkers). It is a prediction w hich m ay p lace an em p h asis  on the 
preference for being a divergent th inker rather than a convergen t th inker in dea ling  w ith 
p ractical p roblem -solving in chem istry  even though a pupil is fie ld-independent.
T h e  m ean  scores, as show n in table 7.4, indicate that F IN D .d iv  p u p ils  p e rfo rm ed  
s lig h tly  b e tte r  than  F I N D .c o n  p u p ils  in the m in i-p ro jec ts  ta sk s . A lth o u g h , the 
d iffe ren ce  betw een  both m ean scores is not significant, it m ay  g ive  som e su p p o rt to 
w hat h as  been p red ic ted  in h y p o th esis  (3).
172
Table 7.4
The mean scores o f FIND.Drv and FIND.con pupils in the m ini-projects
X . F IN D . DIV 
N = 48
F IN D . C0N
N = 33
M ean scores  
in the  
M in i-P rojects
1 0 . 1 9.5
It cou ld  be that being  fie ld -independen t m ay help you to d ea l w ith  tasks w hich  
req u ire  a creative th ink ing  ability . The capab ility  o f such pup ils  m ay co m e from  their 
s tra teg ie s  and th e ir w ays o f hand ling  the m ateria ls  in v o lv ed  in an y  p ro b lem . In a 
p ro b le m -so lv in g  s itu a tio n , fie ld -in d ep en d en t pup ils  are m ore ab le  th an  o th e rs  to 
sep a ra te  the 's ignal' from  the 'noise'. T hus, they are using  a co n s id e rab le  am o u n t o f  
th e ir po ten t ia l  w ork ing  space capacity  in useful p rocessing  co m p ared  to  o th er pup ils 
w ho  have d ifficu lties  in the separation  betw een  the 'signal' from  the 'n o ise ' and fo r 
w h o m  the 'no ise ' cap tu res  som e o f their po ten tial w orking  space leav in g  a red u ced  
space fo r usefu l p ro cessin g  (13).
7.5 .3  T h e  A tta inm ents o f  C o n vergen t/F ie ld -In d ep en d en t and  
C on vergen t/F ie ld -P ep en d en t P upils in the M in i-P ro jects
T he other w ay o f  looking at the d a ta  obtained from  the m ean  sco res o f  p up ils  in 
m in i-pro jects w hich have been calculated in the last two sub-sections is by reversing  the 
p ic tu res  o f the pup ils ' psychological factors (F .D ./F .IN D . and C O N ./D IV . only).
T he convergent/fie ld-dependent pupils (C O N .fd )  obtained low  scores in the m in i­
p ro je c ts  (the  m ean  score = 7 .5) co m p ared  to  their c o n v e rg e n t/f ie ld - in d e p e n d e n t 
co lle a g u es  (C O N .f in d )  (the m ean score = 9.5) as show n in tab le  7 .5 . T h is  co u ld  be
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in terp re ted  as due to the im portance o f the fie ld-independent th ink ing  sty le in pupils as 
ex p la in ed  in sub -sec tion  7.5.2. M oreover, the results o f this su b -sec tio n  m ay  support 
the p re d ic tio n  o f the re search  w hich  co n cern s  the ach ie v em en ts  o f  C O N .fd  and 
C O N .f in d  pup ils in the m in i-p ro jects and as it has been assum ed  in h y p o th esis  (4) in 
ch a p te r  five  (the ach iev em en t o f f ie ld -in d ep en d en t co n v e rg en t p u p ils  in p rac tica l 
p ro b lem -so lv in g  in  ch em istry  m ay be better than fie ld -d ep en d en t co n v e rg en t pupils. 
T his co u ld  be due to the fie ld -independen t thinking style w hich p lays a very  im portan t 
role in dom inating  the perform ance and achievem ent of pupils in tasks).
T h e  re se a rc h e r  w as aw are  from  the b eg in n in g  o f  the im p o rta n c e  o f fie ld - 
d ep en d en t/fie ld -in d ep en d en t psycho log ica l fac to r in pup ils learn in g  and  there fo re  he 
used  th is factor in the study, allow ing  it to in teract w ith o ther aspects in psycho logy , to 
u n d ers tan d  its in fluence on the perfo rm ance o f pupils in p ractica l p ro b lem -so lv in g  in 
chem istry .
T able 7.5
T he m ean  scores o f C O N .fd  and C O N .find pupils in the m in i-p ro jects
G rou ps
N
C O N . FD 
N = 36
C O N . FIND 
N = 33
M ean  scores  
in the  
M in i-P rojects
7.5 9.5
7 .5 .4  T h e  A tta in m e n ts  o f  D iv e r g e n t/F ie ld -In d e p e n d e n t  an d  
D iv e r g e n t/F ie ld -D e p e n d e n t  P u p ils  in  th e  M in i-P r o ie c ts
A cco rd in g  to  the m ean  scores o f pup ils  in m in i-p ro jec ts , the d iv e rg e n t/f ie ld - 
indep en d en t pup ils (D IV .FIND) perform ed and ach ieved  better than the d ivergen t/fie ld -
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d ep en d en t pupils (D IV .fd ) as show n in table 7.6. Therefore, such resu lts co u ld  support 
the  re search  p red ic tio n  w hich  has been represented  in h y p o th esis  (5 ) in ch ap te r five 
(the d iv erg en t fie ld -independen t pupils could  be expected to p erfo rm  and  achieve better 
in the o p en -en d ed  tasks ra ther than the d ivergent fie ld-dependent pupils, they  are m ore 
c u r io u s , m ore  ach ie v e r, m ore  socia l, and  less co n sc ien tio u s  than  the  c o n v e rg e n t 
pup ils).
T able 7.6
The mean scores o f  D IV .fd  and DIV.find pupils in the mini-projects
G roups
D IV . FD
N = 27
D IV . FI>D 
N = 48
M ean scores  
in the  
M in i-P rojects
8 . 8 1 0 . 1
B eing  a d iv erg en t and a fie ld -independen t thinker seem s to enhance p erfo rm ance 
in p rac tica l p rob lem -so lv ing . T he d ivergen t thinking style w ou ld  facilita te  the pup ils ' 
though ts and w'ould help  tow ards the application of creative th inking  styles to the tasks. 
On the o ther hand , the fie ld-independent thinking style w ould p rom ote  the p rocesses o f 
the w o rk in g  space capacity  by a llow ing  a pupil to benefit from  using  h is /h er m ental 
capacity  to a greater extent.
It is ev id en t fro m  the p re sen t sec tion  (7.5) that the v ario u s  lea rn in g  s ty les o f 
pup ils  had  an e ffec t on the p u p ils ' perfo rm ance in m in i-p ro jects . If a v e rtica l line is 
d raw n a long  the perfo rm ance o f pupils in the projects, the p u p ils  w ho w ould  be p laced  
at th e  to p  o f  th is  lin e  w ould  be the F IN D .d iv  pup ils  w ho  sh o w ed  the  s tro n g es t 
pe rfo rm an ces in the p ro jec ts (the m ean score is 10.1), w hile the pup ils w ho  wrould  be 
p laced  a t the bo tto m  o f  this line w ould  be the F D .c o n  pupils w ho show ed  the w eakest
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p erfo rm an ces  in the projects (the m ean score is 7.5). The FIN D .con  pupils com e in the 
second  p lace along  the vertical line, and the FD.div pupils com e in the third place along 
th e  lin e . A n o th e r w ay o f p re sen tin g  the p u p ils ' g ro u p s and  m ean  sco res  is by 
d is trib u tin g  them  along vertical and horizontal axes as exhibited  in figure 7.3.
F.IND.
C O N . ^
9.5
7.5
10.1
8.8
t
F.D.
^  DIV.
F ig u re  7.3 U sing field -dependen t/fie ld -independen t and converg en t/d iv erg en t 
th ink ing  styles in distributing the mean scores o f pupils in m ini-projects.
7 .6  T h e O verlap p in g  R esults o f  F ie ld -D ep en d en t/F ie ld -In d ep en d en t. 
C o n v erg en t/D iv erg ent and M otivation  L earning Styles in th eir  In fluence  
on th e P erform ances o f Pupils in M in i-P ro ,iects
T h e u ltim ate picture that this research could reach is w hen all the learning styles o f 
pup ils u sed  in the study are plotted against each other. The resu lts o f such a p lo t w ould 
be v ario u s  g roups o f pupils with various learning styles.
In  fact, it is the aim  o f the p resen t research  to study  the in flu en ce  o f p u p ils '
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v ario u s learn ing  sty les w ith their possible overlapping  p ic tu res on the perfo rm ance o f 
pup ils  in p ractica l p rob lem -so lv ing  in chem istry. T his assignm en t m ay require  a study 
o f the fo llow ing  groups w hich have em erged earlier in the w ork (chap ter five).
7 .6 .1  l l ie _ S t u d v  o f  th e  A ch iever P u p ils  G ro u p
A ch iev er pupils is the group which perform  best in the m in i-pro jects. H ow ever, it 
is the co n ce rn  o f the research  to understand the effec tiveness o f  o th er learn ing  styles 
w h ich  th e  a c h ie v e r pup ils  m ay have and their in flu en ce  on  p e rfo rm in g  p rac tica l 
p ro b lem -so lv in g  in chem istry.
T h e  ach iever group could be divided into five d ifferent categories of pupils; (i) the 
f ie ld -d e p e n d e n t /d iv e rg e n t  (ii) the f ie ld -d e p e n d e n t/c o n v e rg e n t ( iii)  the  f ie ld - 
in d e p e n d e n t/d iv e rg e n t (iv) the  fie ld -in d e p e n d e n t/c o n v e rg e n t (v) and  the fie ld - 
in te rm ed ia te /d iv erg en t or convergent achievers (those ach ievers w ere om itted  from  the 
p re sen t study).
T ab le  7.7 exh ib its  these groups o f achievers w ith their m ean  scores in the m in i­
p ro jec ts . It is ap p a ren t from  tab le 7.7 that ach iever p u p ils , in g en e ra l, tend  to be 
d iv e rg e n t th in k ers  and not convergen t th inkers as no ach iever p u p ils  w as found  to be 
convergen t. H ow ever, the sam ple o f the achievers w hich em erged  in the p resen t study 
is such a sm all sam ple that it does not perm it of m ore useful in terpre tations on behalf o f 
the ach iev er pupils ' behaviour. M oreover, 7 pupils w ere ca tegorised  as belonging  to the 
fie ld -in term ediate  group w hich w as om itted earlier from  the study.
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Table 7.7
The mean scores o f  the achievers with their various learning styles in the mini-projects
V ariou s G rou p s o f  
A ch iev ers
F. D. 
&
D IV.
F. D. 
& 
C O N .
F. IND . 
&
DIV.
F. IN D . 
& 
C O N .
*
F. IN T . 
&
DIV. or CON_
N =  11 N = 1 N = 0 n
2
N = 0 N = 7
M ean  S cores in 
th e
M in i-P ro jects
13.00 - 1 1 . 0 0 - Ignored
* F ie ld -in te rm ed ia te  pupils (either convergen t or d ivergent) w ho w ere o m itted  from  
the study.
7 .6 .2  T h e  S tu d y  o f  the C o n sc ien tio u s  P u p ils  G ro u p
T h e  sam e p ro ced u re  w hich  w as used  in s tudy ing  the ach iev e rs  g ro u p  w as 
rep ea ted  fo r the consc ien tious pupils group attem pting  to understand  the in fluence o f 
various learn ing  styles on the perform ance o f such pupils in the m ini-projects.
T a b le  7 .8  has show n how  the co n sc ien tio u s  p up ils  w ho have v ario u s o th e r 
learn ing  styles ach ieved  in m ini-projects. The field-independent/d ivergent conscien tious 
p up ils  ap p eared  to be the best group o f consc ien tious pup ils in perfo rm ing  the m in i­
p ro jec ts . O n the o th e r hand, the f ie ld -d ep en d en t/co n v e rg en t co n sc ie n tio u s  p u p ils  
seem ed to be the w orst group o f consc ien tious pupils in perfo rm ing  the m in i-p ro jects. 
T he fie ld -in d e p en d en t/co n v e rg en t and the fie ld -d ep en d en t/d iv e rg en t co n sc ie n tio u s  
pupils cam e in betw een  these two groups in the second and third p lace successively .
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Table 7.8
T he m ean scores o f the conscientious pupils w ith their various learning styles in the
m ini-projects
V ariou s G rou p s o f  
C on scien tiou s  
P upils
N = 78
F. D.
&
DIV . 
N =  14
F. D.
&
C O N .
N = 20
F. IN D. 
&
DIV .
N = 1 2
F. IN D . 
& 
C O N .
N = 1 2
*
F. IN T . 
&
DIV. or CON_
N = 20
M ean  S cores in 
the
M in i-P rojects
7.96 6.48 10.25 9 .50 Ignored
* F ie ld -in term ediate  pupils (either convergent or divergent) w ho w ere om itted  from  the
study.
7 .6 .3  T h e S tu d y  o f  the C u rio u s P u p ils  G rou p
T his group o f pup ils was expected to perform  well in the m in i-p ro jects  as curious 
p u p ils  are co n sid ered  to be those  pupils m ost in terested  in do ing  p rac tica l p ro b lem ­
so lv ing  in chem istry  particu larly  w hen such tasks do not involve rig id  instructions and 
require  the creativ ity  o f  pupils.
T h e  re su lts , as show n in table 7.9, dem onstra te  that cu rio u s p u p ils  p e rfo rm ed  
ex trem ely  w ell in the m in i-p ro jects . T heir m ean scores ranged  be tw een  8.6 to 11.35 
w hich  are considered  to be high m ean scores and high ach ievem ents com pared  to their 
colleagues in their ach ievem ent in practical problem -solving in chem istry.
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Table 7.9
T he m ean  scores o f the curious pupils with their various learning styles in the m in i­
projects
V a r io u s  G rou p s o f  
C u rio u s  P u p ils
N = 32
F. D.
&
DIV.
N = 2
F. D.
&
C O N .
N = 4
F. IN D . 
&
D IV . 
N =  10
F. IN D . 
& 
C O N .
N = 3
*
F. IN T. 
&
DIV. or CON..
N =  13
M ean  S cores in 
the
M in i-P ro jects
10.50 8.62 11.35 10.80 Ignored
* F ie ld -in te rm ed ia te  pupils (either convergent or divergent) w ho were om itted  from  the
study.
It is b e liev ed  from  such results that curious pupils are alw ays have the po ten tia l 
fo r h ig h  a tta in m en ts  in m ini-projects. This could be due to their th inking  sty les w hich 
are m o re  likely  to be the divergent and fie ld-independent th inking  styles. T he curiosity  
o f th e se  p u p ils  m ay assist them  in achiev ing  qu ite  w ell in tasks req u irin g  crea tiv e  
th ink ing  ab ilities such as in doing the m ini-projects.
7 .6 .4  T h e  S tu d y  o f  th e S ocia l P u p ils  G r o u p
T h e  sam e procedure  which has been applied on the prev ious m otiva tional groups 
w as a p p lie d  to the socia l m o tiva tiona l group. T he p u p ils  w ere d iv id ed  in to  five  
c a te g o r ie s  to  fin d  o u t w h ich  ca teg o ry  ach iev ed  b es t an d  to d e te rm in e  w h ich  
charac teristics w ould  em erge to describe this pattern in m otivation.
T a b le  7 .1 0  d isp lay s the m ean scores o f the social pupil ca tego ries. T h e  resu lts  
d e m o n s tra te  th a t the social pupils who are fie ld -in d ep en d en t/d iv erg en t ob ta in ed  the
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h ig h es t m ean  score co m p ared  to o ther ca tegories o f the social pup ils. On the o th er 
hand, social pupils w ho are field-dependent/convergent obtained  the low est m ean score 
o f the social pupils.
Table 7.10
T h e m ean scores o f the social pupils with their various learning styles in the m ini­
projects
Various Groups of 
Curious Pupils
N = 57
F. D.
&
DIV.
N = 7
F. D.
&
CON.
N = 9
F. IND. 
&
DIV. 
N= 17
F. IND. 
& 
CON.
N = 10
*
F. INT. 
&
DIV. or CON..
N = 14
Mean Scores in 
the
Mini-Projects
8.28 7.38 9.44 9.00 Ignored
* F ie ld -in term ediate  pupils (either convergent or divergent) w ho w ere om itted  from  the
study.
T h e  social pup ils w ho are field-independent/convergent cam e in the third p lace in 
ach iev em en t, w h ile  the social pupils who are fie ld -dependen t/convergen t cam e in the 
last p lace as they obtained  the lowest m ean score in m ini-projects.
7.6.5 The Study of the Field-Dependent/Divergent Pupils Group
T he resu lts w hich  have been obtained from  section 7 .6 .1 /2 /3 /4  w ere re-arranged  
in a new  w ay as show n in table 7.11. In such a table, the horizon ta l row s represen t the 
four m o tiva tional patterns o f pupils which have been taken into consideration  earlier in 
this sec tion . T h e  vertica l co lum ns represent four o ther groups o f pup ils. T hese are; (i) 
the f ie ld -d e p e n d e n t/d iv e rg e n t (ii) the fie ld -d e p e n d e n t/c o n v e rg e n t (iii) the f ie ld -
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independen t/d ivergen t (iv) and the field-independent/convergent pupils.
It em erges, as table 7.11 clearly  shows, that field -dependen t/d ivergen t pupils w ho 
are reco g n ised  as belonging  to the ach iever m otivational pattern  ob ta ined  the h ig h est 
m ean  score over the o ther m otivational patterns of pupils in this group o f pupils (w ith a 
reco g n itio n  that on ly  one pupil found in this group w as an achiever). T he second b est 
p e rfo rm an c e  o r ach ievem en t w hich occurred  in this g roup  appeared  to be from  the 
pup ils  w ho w ere recognised as belonging to the curious m otivational pattern.
Table 7.11
T he w hole  picture o f the perform ance of various groups o f pupils in the m ini-pro jects
Various Groups of 
Pupils
Total = 124 *
F. D. 
*  
DIV.
F. D 
& 
CON.
F. IND 
& 
DIV.
F. IND. 
& 
CON.
Mean Scores of 
Achiever Pupils 
in Mini-Projects
13.00 
N = 1 N = 0
11.00
N = 3 X II 
1 
o
Mean Scores of 
Consc. Pupils 
in Mini-Projects
7.96  
N = 14
6.48  
N = 20
10.24 
N = 12
9.50  
N = 12
Mean Scores of 
Curious Pupils 
in Mini-Projects
10.50 
N = 2
8.62  
N = 4
11.35 
N = 10
10.8
N = 3
Mean Scores of 
Social Pupils 
in Mini-Projects
8.28  
N = 7
7.38 
N = 9
9.44  
N = 17
9.00  
N = 10
* 54 P up ils  w ere ignored from  the study as they tended to be field-in term ediate pupils. 
T h e  th ird  and the low est m ean scores in this g roup (fie ld -d ep en d en t/d iv e rg en t
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pu p ils) o b ta in ed  from  pupils who w ere recogn ised  as belong ing  to the social and  the 
co n sc ien tio u s  m o tiva tiona l patterns successively . F igure 7.4 is d raw n in o rder to show  
su ch  d iffe re n c e s  ap p eared  in the m ean sco res  o f f ie ld -d e p en d en t/d iv e rg e n t p u p ils  
accord ing  to their m otivational patterns.
*  18 -
Achiever C onscientious C urious Social
The Field-dependent / divergent pupils of 
the whole sample
Figure 7.4 T he attainm ents of fie ld-dependent/d ivergent pup ils in m in i-p ro jec ts  in 
accordance with their m otivational patterns.
7.6.6 The Study of the Field-Dependent/Convergent Pupils Group
T h e  seco n d  co lu m n  w hich has been s tu d ied  v ertica lly  is the co lu m n  w h ich  
co m p rises  o f  the fie ld -dependen t/convergen t pupils. The ach iever pup ils o f th is g ro u p  
cou ld  no t show  a fie ld -dependen t/convergen t learn ing  style in th ink ing  as no ac h ie v e r 
pupil b eh av ed  as fie ld -d ep en d en t/co n v erg en t. T his could  be b ecau se  e ith e r (i) such  
pupils m ay  not be likely  to have such a w ay o f th inking  (ii) or th is m ay have h ap p en ed
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sim ply  as a fluke.
N e v e rth e le ss , the  cu rio u s pupils o f th is  g ro u p  ap p e a re d  to be the b es t in 
perfo rm ance  in the m ini-projects. Following the curious pupils in p erfo rm ance w ere the 
social pup ils, w h ile  the conscien tious pupils appeared  to be at the bo tto m  o f the list o f 
g ro u p s  as they  o b ta in ed  the low est m ean score in this g roup  o f pup ils. T he v ario u s 
levels o f  p erfo rm ance in m ini-projects are shown in figure 7.5.
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Achiever C onscientious C urious Social
The field-dependent / convergent pupils of 
the whole sample
Figure 7.5 T he a tta inm ents o f fie ld-dependent/convergent pup ils in m in i-p ro jects  in 
accordance with their m otivational patterns.
T he  general perform ance of this group (fie ld -dependen t/convergen t pup ils) seem s 
to be b e lo w  the average . T hese pupils are believed  to have d ifficu ltie s  in p erfo rm in g  
p rac tica l p rob lem -so lv ing  in chem istry. It could be that such pup ils requ ire  specia l care 
in lea rn in g  sk ills  in v o lv ed  in the prob lem -so lv ing  m atters, and  they m ay need  m ore
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tra in ing  and m ore stim ulation than others in order to boost their creativity.
7 .6 .7  T h e  S tu d y  o f  th e  F ie ld -In d e p e n d e n t/D iv e r g e n t  P u p ils  G r o u p
In general, the attainm ents o f the fie ld -in d ep en d en t/d iv erg en t pupils em erg ed  as 
ab o v e  the  average . T hese pup ils m ay  be the b est in p erfo rm in g  p rac tica l p ro b le m ­
so lv in g  in chem istry . The h ighest perfo rm ance  o f this g roup o f pupils in m in i-p ro jec ts  
is du e  to  th e ir learn ing  th inking sty les. F igure  7.6 d isp lays the ach ievem en ts o f  these  
p u p ils  in m ini-projects.
12 -i
Achiever C onscien tious C urious Social
T he fie ld -in d ep en d en t /  d ivergen t pupils o f  
the w hole sam p le
F ig u re  7.6 The attainm ents o f fie ld -independen t/d ivergen t pup ils in m in i-p ro jec ts  in 
accordance w ith their m otivational patterns.
H o w e v e r , the cu rio u s p u p ils  o f  th is  g ro u p  cam e in the firs t p la c e  in the 
co m p e titio n  fo r the h ighest m ean score. T he ach iev er fo llo w ed  the cu rio u s p u p ils  in
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ob ta in in g  the second  highest m ean score in the group. T he third p lace w as occup ied  by 
the co n sc ien tio u s  pupils, w hile the last one w as taken by the social pupils.
7 .6 .8  T h e S tu dy  o f the F ie ld -In d ep en d en t/C on vergen t P upils G roup
In  th is  g ro u p , the a c h ie v e r  p u p ils  fa ile d  a g a in  to  a p p e a r  as f ie ld -  
in d e p e n d e n t/c o n v e rg e n t pupils. T his co u ld  be in te rp re ted  as e ith e r h ap p en in g  by 
ch a n ce , o r b ecau se  the ach iever pupils w ho are fie ld -in d ep en d en t tend  to th ink  in  a 
d iv erg en t ra ther than a convergent way.
N ev e rth e le ss , the  curious pup ils ach iev ed  in the firs t p lace , the co n sc ien tio u s  
p u p ils  fo llo w ed  in the  second p lace , w h ile  the social p up ils  cam e in the last p lace . 
F igu re  7.7 d isp lay s the achievem ents o f this group o f pupils in the m ini-projects.
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Achiever C onscien tious C urious Social
T he fie ld -in d ep en d en t / con vergen t pup ils  
o f th e w h o le  sam p le
F igu re  7 .7  T he a tta inm ents o f fie ld -independen t/convergen t pupils in m in i-p ro jects  
in accordance with their m otivational patterns.
4>
■ ■ n0t-
Cu1
’E
E
4>
186
7 .7  A R esu m e o f  D a ta  G a th ered  for the M in i-P ro jec ts
U ntil this section  o f the p resen t research , the researcher has d ea lt w ith  ind iv idua l 
g ro u p s o f  pupils w hich w ere ob tained  from  various horizontal and v ertica l axes set out 
in tab le  7 .11 . T h e  pu rp o se  o f  th is w as to study the effec tiv en ess  o f  th e  d iffe re n t 
learn in g  sty les o f pupils on their perform ance in the m ini-projects. T he resu lts  ob tained  
from  tab le  7.11 w ere d raw n in tw o d iffe ren t w ays as shown in figure 7 .8  an d  7.9. It is 
to fac ilita te  the understand ing  o f  the com bined  picture w hich w ould  em erg e  from  the 
p re sen t research .
A<iuT«r Cokicic&tion C irio«5 Social
V ariou s learn in g  sty le s  o f  the p u p ils
* T h is  group has been neglected  from  the research as com prises o f  one pupil only.
F ig u re  7 .8  T he com bined  p ictu re o f the atta inm ents o f various g ro u p s o f  pup ils  
(various learning styles) in the m ini-projects.
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A chiever C onscientious C urious Social
T h e variou s learn ing styles o f the w hole  
sam ple
F ig u re  7 .9  T he com bined  picture o f the attainm ents o f various g roups o f  pup ils 
(various learning styles) in the m ini-projects.
T h e  tim e now  is com e to study, in a co m p ara tiv e  w ay, the in flu en ce  o f  such  
v a rio u s  learn ing  sty les on the pup ils’ a tta inm ents in m ini-pro jects. In o ther w ords, it is 
to take in to  co n sid era tio n  the m eaningful in teractions w hich surround all the axes (the 
ho rizo n ta l an d  vertica l axes w ith their boxes) involved in table 7.11 versus each  o ther, 
on on e  hand , and versus the m ean scores in m ini-projects, on the o ther hand.
1 - S tudy ing  the horizontal and vertical strips in table 7.11 to find out the best g roup  
(a  s ing le  box) in achievem ent, it em erged  that the best ach ievem en t w h ich  has 
b e e n  o b ta in e d  in p erfo rm in g  the  m in i-p ro je c ts  co m es  fro m  th e  f ie ld -  
d ep en d en t/d iv e rg en t and achiever group o f pupils (m ean score = 13) w h ich , in 
fac t, fa iled  to co n ta in  m ore than one pupil. T herefo re , th is g roup  ca n n o t be 
sig n ifican tly  considered  and will be neglected  from  the study. T hus, the best
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g roup  o f pupils in ach iev ing  o f the m in i-pro jects is considered  to be the field- 
independen t/d ivergen t and curious group w hich obtained a m ean score o f  11.35. 
T h e  second g roup  in the best ach iev em en t in the m in i-p ro jec ts  is the fie ld - 
in d ep en d en t/d iv erg en t and ach iev er g roup  o f pupils, these p u p ils  o b ta in ed  a 
m ean  score o f 11.00. T he fie ld -independen t/convergen t and cu rio u s g roup o f 
p u p ils  co m es at the th ird  p lace . O n the o ther hand, the w orst g ro u p  w h ich  
ach iev ed  the lo w est m ean score in the m in i-p ro jects appears to be the fie ld - 
d ependen t/convergen t and conscien tious group o f pupils.
2 - T he  other w ay o f looking at the data obtained from  table 7.11 is by study ing  the 
ach iev em en ts  o f the various g roups o f  pup ils in co lum ns and row s (v ertica lly  
an d  ho rizon ta lly ). T his w ould  be ach ieved  if  the m ean scores o f p u p ils  w ere 
averaged  in each vertical and horizontal colum n to provide the research  w ith the 
actual p icture  o f each  group 's a tta inm ent and in colum ns. H aving  done that, the 
picture of the attainm ents in m ini-projects (excluding the field-in term ediate pupils 
as well as neg lecting  the ach iever m ean scores horizontally  as som e their boxes 
contain  no pupils) appeared to be as follow s:
(i) T he h ighest averaged  m ean scores obtained  from  the cu rious p u p ils  (a 
third row ) w ith an average o f 11.00.
(ii) T he seco n d  h ig h es t av e rag ed  m ean  scores ob ta in ed  fro m  the fie ld - 
independent/d ivergent pupils (a third colum n) with an average o f 10.23.
(iii) The low est averaged  m ean scores obtained from  the consc ien tious pupils 
(a second horizontal co lum n) w ith an average o f 8.24. H ow ever, it w as 
found  th a t the averaged  m ean scores o f the co n sc ien tio u s  and  socia l 
pup ils a long the second and the fourth  colum ns w ere qu ite  s im ila r (the 
averaged m ean scores o f the social pupils was 8.71).
F rom  table 7.11 and in general, the ach iever pupils have never been show n to be
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fie ld -d ep en d en t/co n v e rg en t or fie ld -independen t/convergen t th inkers (as no  ach ie v e r 
p u p ils  w ere ob ta ined  in these groups). Instead, they appeared  to be d iv e rg e n t ra th e r 
than  co n v erg en t thinking pupils.
T h e  cu rious pupils seem ed to be the best pup ils in perfo rm ing  the m in i-p ro jec ts . 
M o re o v er, the fie ld -in d ep en d en t/d iv erg en t and  cu rio u s pup ils  seem ed to  be th e  b est 
p u p ils  in the sam ple in achieving high scores in m ini-projects.
T h e  social and the consc ien tious pupils, as stated above, perfo rm ed  s im ila r ly  in 
m in i - p r o je c t s .  H o w e v e r ,  th e  f i e ld - d e p e n d e n t /d iv e r g e n t  an d  th e  f i e ld -  
d ep en d en t/co n v erg en t pupils o f the social g roup achieved  better than th e ir  co lle a g u es  
w ith  the sam e learning styles and w ho belong to the conscientious group. T he  p ic tu re  is 
rev e rsed  w hen the reader looks at the fie ld -in d ep en d en t/d iv erg en t-co n v erg en t o f  b o th  
g roups o f  pupils. The field-independent/d ivergent and the fie ld -independen t/convergen t 
p u p ils  o f  the consc ien tious group achieved  better than the fie ld -in d ep en d en t/d iv erg en t 
and  the field-independent/convergent pupils o f the social group.
F o r the co n sc ien tio u s pupils, being  fie ld -in d ep en d en t w ill q u a lify  a p u p il as a 
h igh  ach iever in m ini-projects over his/her group (the conscientious group) and  o v er the 
so c ia l g roup . B eing  fie ld -in d ep en d en t/d iv erg en t w ill m ore qualify  a p u p il fo r  h igh  
ach iev em en t in m ini-projects over the sam e m entioned groups o f pupils.
F o r social pupils, being field-independent/d ivergent pupils will qualify  a pup il fo r 
the b est score in m ini-pro jects over h is/her group (the social group) and o v e r the fie ld - 
d ep en d en t/d iv e rg en t-co n v erg en t pup ils  o f  the co n sc ien tio u s group o f p u p ils . A t the 
sam e tim e, being  a social pupil w ith a fie ld -dependen t/d ivergen t style o f th in k in g  m ay  
q u a lify  a pupil fo r the best score in m in i-p ro jects over h is/her consc ien tious co lleag u e  
o f a fie ld -dependen t/d ivergen t style o f thinking. The sam e rule w ould be ap p lied  fo r the 
s o c ia l  f ie ld - d e p e n d e n t /c o n v e r g e n t  p u p i l  o v e r  th e  c o n s c ie n t io u s  f i e ld -  
dependen t/convergen t pupil.
A  h y p o th es is  w as set ou t in ch ap te r five  (h y p o th e s is  5) c o n c e rn in g  th e
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a tta in m en ts  o f fie ld -in d ep en d en t pupils who are d ivergen t in the m in i-p ro jec ts . T his 
h y p o th esis  has p red ic ted  that these pupils (fie ld -independen t and  d iv e rg en t) w ho  are 
e ith e r ach iev er o r cu rious pupils w ould  achieve better than  fie ld -in d e p en d en t p u p ils  
w ho are co n v erg en t and w ho belong to any m otivational pattern . T he  re su lts  em erg ing  
fro m  tab le  7.11 support such a hypothesis. Such g roups o f fie ld -in d e p e n d e n t p up ils  
ob tained  higher m ean scores than the rest o f field-independent pupils.
7.8  A M odel E m erged  from  the R esearch w hich  S v stem a tise s  the
In flu en ce o f  V ariou s L earn ing Styles on the P erform an ce o f  P u p ils  in  
the M ini-P rojects
B eing aw are o f the achievem ents o f various groups o f pupils in the m in i-p ro jects , 
the  in flu en ce  o f the p sy ch o lo g ica l fac to rs used in the p re sen t s tu d y  m ay  b eco m e 
understandable.
A  num ber o f deductions have arisen from  the overall results abou t the prio rity  and 
the d eg ree  o f  e ffec tiv en ess  o f  such psychological facto rs on the p u p ils ' ach iev em en t 
and perfo rm ance in practical problem -solving in chem istry.
T he  first d educ tion  is that the fie ld -dependen t/fie ld -independen t lea rn in g  sty les 
m ay  be the m ost im portan t sty les o f th inking in perfo rm ing  the m in i-p ro jec ts . B eing  
fie ld -in d ep en d en t m igh t allow  a pupil to perform  in a superio r w ay w h ile  b e in g  field- 
d ependen t tends to depress the perform ance o f a pupil in the m ini-pro jects.
T h e  second  d educ tion  is that the m otivational p a tte rn s o f  p u p ils  m ay  e ffec t the 
p u p ils ' p e rfo rm an ce  in m in i-p ro jects. It is believed, from  the d a ta  w h ich  em erg ed  in 
tab le  7 .1 1 , th a t such  e ffec tiv en ess  com es in second p lace  a fte r the e ffec tiv en e ss  o f 
fie ld -dependence/field -independence on pupils' perform ances.
T h e  th ird  d ed u c tio n  is that the d iv erg en t/co n v erg en t th in k in g  s ty le s  m ay  be 
co n sid ered  in the th ird  place in im portance. It seems that pupils w ith d iv erg en t th ink ing
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style are m ore able than their colleagues (of convergent th inking style) in achiev ing  high 
scores in the m ini-projects.
In brief, it is fo u n d  in this study and from  the m ean sco res o f  p u p ils  w ith  various 
learn ing  styles (table 7.11) that field-independence/field-dependence are m ore effective 
than  the m otiva tion  and  d ivergence/convergence in perfo rm ing  the m in i-p ro jec ts . The 
p rio rity  thus is g iven  in the first place to the fie ld -independen t/fie ld -dependen t learn ing  
style in perform ing  practical problem -solving in chem istry.
T herefo re , the pred ic tive influence o f the fie ld -in d ep en d en t fa c to r in perfo rm ing  
the m in i-p ro jec ts , as exh ib ited  in table 7.12, is considered  to be a p o s itiv e  in fluence 
(a rrow  to the righ t) w hich  enhances the achievem ent, w hile  it is a n eg a tiv e  in flu en ce  
(arrow  to the left) fo r the field-dependent factor w hich lessens the achievem ent.
F o r the m o tiv a tio n  facto r, the p red ic tive  in fluence o f  th e  ac h ie v e r  p a tte rn  in 
p erfo rm in g  the m in i-p ro jects  is considered  to be a positive in flu en ce  w h ich  en h an ces 
the ach ievem en t. It is a positive influence again (arrow  to the rig h t) w ith  the cu rio u s 
pattern  leading to an enhancem ent in achievem ent. W hilst, a n eg a tiv e  in fluence (arrow  
to the left) w hich m ay lessen the achievem ent in perform ing  the m in i-p ro jec ts  w ould  be 
expected  o f the conscientious and the social patterns.
F o r the co n v erg en t/d iv erg en t th inking  styles, a p o sitiv e  in flu en ce  (arrow  to the 
righ t) w ould  be expected  of the d ivergent style w hich enhances the ach ievem en t, w hile 
it is a negative in fluence (arrow  to the left) w ould be expected o f the convergen t style in 
th ink ing  w hich lessens the achievem ent in m ini-projects.
1 - B u ild in g  on  th is, the ach ievem ents o f m any g ro u p s, as show n  in tab le  
7 .12, cou ld  be now  justified . For exam ple, hav ing  th ree  p o sitiv e  arrow s 
(to the righ t) w ould  enhance the pup il’s ach ievem en t to its best level (as 
o ccu rred  w ith the fie ld -independen t/d ivergen t and ac h ie v e r p u p ils  w ho 
obtained  a m ean score o f 11.00 or fie ld -independen t/d ivergen t and curious 
pupils w ho o b ta ined  a m ean score o f 11.35), w hile  h av in g  th ree  neg a tiv e
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arrow s (to the left) w ould lessen the p u p il’s ach iev em en t to its w orst level 
(as occurred  w ith the field -dependen t/convergen t and consc ien tious pupils 
w ho  o b ta in ed  a m ean score o f 6.48 or fie ld -d e p en d en t/co n v e rg en t and 
social pupils who obtained a m ean score o f  7.38).
2 - F u rth erm o re , the ach ievem ent in m in i-p ro jec ts  can  be en h an ced  by tw o 
positive  arrow s (to the right), but w ou ld  be d im in ished  if  a negative arrow  
(to  th e  le f t)  e x is ted . F o r ex a m p le , th e  a c h ie v e m e n ts  o f  f ie ld -  
independent/d ivergent and conscientious pupils w ho obtained  a m ean score 
o f  10.24 o r fie ld -independen t/d ivergen t and  social p u p ils  w ho ob ta in ed  a 
m ean  score o f 9.44 w ere d im in ished  as a nega tive  arrow  w ere ex isted  in 
each  g roup  (because o f their m otiva tional patterns). A n o th er ex am p le  o f 
th is  c a te g o ry  is rep resen ted  by the f ie ld - in d e p e n d e n t/c o n v e rg e n t and 
c u r io u s  p u p ils  w ho  o b ta in e d  a m ean  sco re  o f  10 .8  o r  f ie ld -  
d ep en d en t/d iv e rg en t and curious g roups o f  pup ils w ho  o b ta in ed  a m ean  
sco re  o f 10.50 w hose their ach ievem en ts w ere d im in ish ed  as a nega tive  
arrow  (to the left) ex isted  (the nega tive  arrow  w as found because  o f  the 
convergen t learning style o f the first group and the field -dependen t learning 
sty le  o f  the second group o f pupils).
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Table 7.12
T he m odel o f the present study which em erged from  the w hole picture o f the 
ach ievem ents o f various groups o f pupils in the m ini-projects
Various Groups of 
Pupils
Total = 124
F. D. 
& 
DIV.
F. D 
8 c
CON.
F. IND.
8 c
DIV.
F. IND.
8 c
CON.
Mean Scores of 
Achiever Pupils 
in Mini-Projects
13.00 1 1 . 0 0  
— E
Mean Scores of 
Consc. Pupils 
in Mini-Projects
7.96 6.48 10.24 9.50
—
Mean Scores of 
Curious Pupils 
in Mini-Projects
10.50 8.62 11.35 10.8
Mean Scores of 
Social Pupils 
in Mini-Projects
8.28 7.38
3 =
9.44 9.00
To the right (positive) means to enhance the achievement in mini-projects. 
  To the left (negative) means to lessen the achievement in mini-projects.
N o te  ab o u t tab le  7 .12: In the boxes w hich con tain  th ree  arrow s, the up p er 
a rro w  rep resen ts  the in fluence o f the m otivational p a tte rn s, the m iddle arrow  
re p re se n ts  the in fluence o f the fie ld -d ep en d en t/fie ld -in d ep en d en t lea rn in g  
s ty le s ,  w h ile  th e  lo w e r  a rro w  re p re s e n ts  th e  in f lu e n c e  o f  th e  
co n v e rg e n t/d iv e rg e n t learn ing  sty les on the ach iev em en ts  o f p u p ils  in the 
m in i-p ro jects.
3 - The final category in table 7.12 is the one which com prises o f two negative
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a rro w s  (to  the left) and  a p o s itiv e  a rro w  (to  the rig h t). T h e  f ie ld - 
in d ep en d en t/co n v erg en t and co n sc ien tio u s pup ils w ho ob ta ined  a m ean  
sco re  o f  9 .50  or the fie ld -in d ep en d en t and social g roups o f pup ils  w ho 
ob ta in ed  a m ean score o f 9 .00 are exam ples o f this category . B oth g roups 
o b ta in ed  tw o negative arrow s because  o f their fie ld -d ep en d en t learn in g  
sty le and their m otivational patterns w hich d im in ished  their ach ievem en ts 
in  m in i-p ro jec ts . H o w ev er, such  g ro u p s o f  p u p ils  (in th is c a te g o ry ) 
appeared  to be good survivors com pared  to others since they ob tained  the 
h ighest m ean scores over their co lleagues in the sam e category. T his is due 
to their effec tive fie ld -independen t learn ing  style. O ther exam ples o f the 
sam e ca tegory  are the fie ld -dependen t/d ivergen t and  co nsc ien tious pupils 
w ho  ob ta ined  a m ean score o f 7 .96 o r the fie ld -d ep en d en t/d iv erg en t and  
so c ia l p u p ils  w ho  o b ta in e d  a m ean  sco re  o f  8 .28  o r the  f ie ld -  
depen d en t/co n v erg en t and cu rious groups o f pupils w ho ob tained  a m ean  
sco re  o f 8.62. The first and second  g roups o f  pup ils ob ta ined  a p o sitiv e  
arrow  because  o f their d iv erg en t learn ing  style, w hile  the third g roup o f  
p u p ils  ob ta in ed  a positive  arrow  because o f their cu rio u s m o tiv a tio n a l 
pattern .
F ina lly , it is prudent to rem ind  the reader that being  fie ld -independen t o r an 
ac h ie v e r  or cu rio u s o r d ivergen t w ould  g ive the pupil the best chance in p e rfo rm in g  
m in i-p ro jec ts . Furtherm ore, the pupil w ould be expected to achieve in a superio r w ay in 
m in i-p ro jec ts  if  h is/her thinking style is that o f fie ld -independen t/d ivergen t/ach iever o r 
cu rio u s  sty les o f thinking.
7 .9  S u m m a r y
T h e present chapter has clarified  the picture o f the in flu en ce  o f  som e
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p sy ch o lo g ica l factors upon each other and upon the skill o f practical p rob lem -so lv ing  in 
ch em is try  (the m ini-projects).
It is found  th a t a statistically  positive co rre la tion  is ob tained  betw een  the pup ils ' 
sco res  in the fie ld -dependen t/fie ld -independen t test and their scores in m in i-p ro jec ts . 
A lso , the sam e statistica l positive correlation  found  betw een  the pup ils ' sco res in the 
c o n v e rg e n t/d iv e rg e n t tests and their sco res in the m in i-p ro jec ts . T h e re fo re , fie ld - 
in d ep en d e n t and d ivergen t pupils are m ore ab le than fie ld -dependen t and  co n v e rg en t 
p u p ils  in perfo rm ing  m ini-projects, because field -independen t and d iv erg en t pup ils are 
m o re  ca p ab le  o f dea ling  w ith problem s w hich  are surrounded  by 'noise ', they  are also  
m ore  cap ab le  o f  devising  m ethods leading to the solutions o f such problem s.
It is a lso  found  in this chapter, concern ing  the m otivation  factor, that the cu rio u s 
p a tte rn  is the m ost likely  pattern for the h ighest scores in the m in i-p ro jects  (neg lecting  
the perfo rm an ce  o f the achiever pattern as a very few  pupils w ere found being  achievers 
in the  research). T he conscientious and the social m otivational patterns are fo llow ed  the 
cu r io u s  p u p ils  in the com petition , they are a lm o st even in scores in p e rfo rm in g  the 
m in i-p ro jec ts . T h e  study has paid attention to the cu rious pupils since these pup ils (no 
m a tte r  h o w  they  have been recogn ised  in th e ir sch o o ls  co n cern in g  th e ir  level o f  
a c h ie v em en t in chem istry  w hether it is standard  o r above or below  the standard  level) 
a c h ie v e d  w ell in  the m in i-p ro jects. It co u ld  be that their cu rio sity  an d  c rea tiv ity , 
a c c o rd in g  to th e ir  p a rticu la r m otivational p a tte rn , a llo w ed  them  to ach iev e  a h igh  
p erfo rm an ce  in m ini-projects.
P u tting  all the psychological factors in the study together versus the ach ievem ents 
o f  p u p ils  o b ta in ed  in the m ini-projects con firm s that the fie ld -in d ep en d en t/d iv erg en t 
pup il w h o  is belong ing  to the curious m otivational group achieved the best m ean score 
(1 1 .3 5 )  in the  m in i-p ro je c ts  (n eg lec tin g  th e  ac h ie v em en t o f  the u n iq u e  fie ld -  
d ep en d en t/d iv e rg en t pupil w’ho is an achiever). W hilst, the w orst pup ils  in perfo rm in g  
the m in i-p ro jec ts  em erged  as the fie ld -dependen t/convergen t pupils w ho belong  to the
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co n sc ien tio u s m otivational group (m ean score = 6.48).
M o reo v er, the average o f the m ean scores o f various groups o f p u p ils  (vertical 
and  horizon tal colum ns) show ed that the superior group in perform ing the m in i-p ro jects 
is the cu rio u s m otivational group (the average o f the m ean scores is 11.00). F o llow ed  
th is g roup  in the best achievem ent is the field-independent/d ivergent g roup (the average 
o f  the m ean  scores is 10.23). W hilst the w orst group in perform ing the m in i-p ro jec ts  is 
the consc ien tious m otivational group (the average o f the m ean scores is 8.24).
T he  field-dependent/field-independent psychological factors appeared  to influence 
the  p u p ils ' ach ievem en ts in the m in i-p ro jec ts  in a s ign ifican t way. T he  m o tiv a tio n a l 
p a tte rn s  o f  pupils w ould  influence the pup ils ' ach ievem ents in the m in i-p ro jec ts  in as 
s ign ifican t a w ay as the convergent/d ivergent thinking styles o f the pupils.
T h e  p re sen t study has c reated  a p red ic tiv e  m odel for the in flu en ce  o f  v a rio u s 
le a rn in g  sty les on the perfo rm ance and  ach ievem en t o f pupils in p rac tica l p ro b le m ­
so lv ing  in chem istry . In this m odel, the fie ld-independent and d ivergen t learn ing  sty les 
as w ell as the cu rio u s or ach iever m o tiva tiona l patterns are believed  to en h an ce  the 
p u p ils ' ach iev em en ts  in the m in i-p ro jec ts , w hile  the fie ld -dependen t an d  co n v e rg en t 
th in k in g  sty les as well as the conscientious and social m otivational patterns are believed 
to lessen  the pupils' achievem ents in the m ini-projects.
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CHAPTER EIGHT
C O N C L U SIO N S A N D  D ISC U SSIO N
8 .1  T h e  F in d in g s  o f th e P resen t R esearch
T h e  im m edia te  section of this research is devoted to an analysis o f  som e learn ing  
s ty le s  o f  p u p ils  and  th e ir in flu en ce  on the fie ld  o f p rac tica l p ro b le m -so lv in g  in 
c h e m is try . It is a fac t that teachers get con fused , on o ccasio n s, w hen  they o b se rv e  
som e pup ils , w ho are supposed to be poor at science, perform ing and ach iev ing  w ell in 
so m e  fo rm s  o f  p rac tica l sc ience such as those  w hich re q u ire  in v e s tig a tio n s  an d  
ex p lo ra tio n s.
In  h is  p rev io u s  research*1*, the re search er exp lo red  the e ffec tiv en ess  o f  som e 
psycho log ica l factors (the w orking space capacity, field-dependence/field-independence 
a n d  in te l lig e n c e )  on the p e rfo rm an c e  o f  le a rn e rs  in c o n v e n tio n a l c h e m is try  
e x a m in a tio n s . In the  p re sen t re search  h o w ev er new  p sy c h o lo g ic a l fa c to rs  w e re  
e x p lo re d  and exam ined  to understand their influence on the perfo rm an ce  o f lea rn ers  in 
p ra c tic a l p ro b lem -so lv in g  in chem istry , particu la rly , on the lea rn e rs  w ho m ay  be 
d esc rib ed  as average or below  average in theoretical science and w ho m ay su rp rising ly  
ach iev e  w ell in som e sorts o f practical science. Such research  cou ld  be co n sid e red  as 
co m p lem en ta ry  to the prev ious research , and fu rther as a co m p le tio n  o f  the la tte r, in 
s tu d y in g  and  p red ic tin g  the learners' perfo rm ances, who are varied  in their lea rn in g  
sty les, in  theoretical as well as in practical chem istry.
T he  aspects w hich have em erged in the present study could  be sum m arised  in the 
fo llo w in g  conclusions:
( a )  In add ition  to the pupils ' holding/th ink ing  space, fie ld -d ep en d en ce /fie ld - 
in d ep en d e n ce  (based  upon the  in fo rm ation  p ro c e ss in g  m o d e l) an d
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intelligence, there are o ther psychological factors which m ay influence the 
learn ing  o f p u p ils  in science. F or exam ple , the co n v e rg e n t/d iv e rg e n t 
thinking styles and m otivational patterns m ay have a great in fluence on the 
p erfo rm an ces  o f p u p ils  in science, p a rticu la rly , w h en  ta sk s  re q u ire  
explorations and creative ideas to be used for their solutions.
(b)  T hree facto rs have been  identified  and studied in this th esis  w ith  th e ir 
in fluence on the p up ils  p erfo rm ing  creative  and s tim u la tin g  p rac tica l 
p roblem -solving in chem istry  (the m ini-projects).
1 - The field-dependent/field-independent styles of thinking. F ie ld -dependen t
pupils w ould  find  d ifficu lty  in separating  an item  from  its co n tex t and  
w ould  accept the con tex t as it is. F ield-independent pup ils w o u ld  read ily  
break up an  o rgan ised  inpu t o f  in form ation  and easily  sep a ra te  an item  
from  its con tex t. F ina lly , the fie ld -in term ed iate  p u p ils  w o u ld  co m e in 
betw een these groups o f pupils (om itted from  the study).
2 - T he co n vergen t/d ivergen t styles o f th inking w hich m ay aga in  d iv id e  the
pupils into convergen t th inking pupils who have thought p rocesses w hich  
lead them  to a narrow ing  dow n of a problem  to one idea, one g iven  end, 
and the d ivergen t th inking pupils w'ho think in such a w ay that ideas m ay 
branch out and explode into new shapes and patterns.
3  - The m otivational patterns o f pupils allow  for a fu rth er d iv is io n  o f p u p ils
into the ach iev er, the consc ien tious, the curious, and the so c ia l p u p ils  
respectively.
( c )  The research  has chosen  the m in i-p ro jects as a special fo rm  o f  p ractical 
p rob lem -so lv ing  in chem istry . T hese projects are co n sid ered  to be a new  
e lem e n t in sch o o l ch e m is try  a im ed  at the s tim u la tio n  o f  p u p ils ’ 
m o tiv a tio n a l p re fe ren ces  tow ards creativ ity . P u p ils  th e m se lv e s  take  
control o f experim ents after designing their w orkable m ethods. T h is  cou ld
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be a new  m ode o f practice in problem -solving chem istry  w hich shou ld  be 
encouraged in school science.
( d )  T he re search er has used several tests in o rder to m easu re  th e  p u p ils ' 
learn ing  styles. T hese tests have been designed at the C en tre  fo r S cience 
E ducation  in G lasgow  U niversity . M oreover, he has d es ig n ed  a m eth o d  
for assessm en t o f the m in i-p ro jects , solely for the p u rp o se  o f  re search , 
since no m ethod  so far has been set up for assessing o f the m in i-p ro jec ts  
for exam ination purposes.
( e )  W orking  tow ards possib le  correlations betw een the various p sy ch o lo g ica l 
factors them selves w hich have been em ployed in the study, it w as found  
that the field-dependent/field-independent psychological fac to r co rre la ted  
p o s itiv e ly  w ith the  co n v e rg en t/d iv e rg en t w ays o f th in k in g . In  o th e r 
w ords, a f ie ld -in d ep en d en t pup il m ay be ex p ec ted  to be a d iv e rg e n t 
thinker, w hile a field-dependent pupil may be expected  to be a convergen t 
thinker. M otivational patterns w ere found to overlap w ith each  o ther, and  
w ith  o th e r p sy c h o lo g ic a l fa c to rs  such as f ie ld -d e p e n d e n c e , f ie ld -  
independence, convergence , and  d ivergence. T he h ig h es t o v e rla p p in g  
p ic tu res  ob ta ined  betw een  the m otiva tional p a tte rn s  w as fo u n d  to be 
betw een the conscientious and the social patterns (their perfo rm an ces and  
ach ievem ents in the m in i-p ro jects  w ere sim ilar). O n the o th e r hand , the 
overlaps betw een all the three psychological factors invo lved  in the study  
em erged  in the fo llow ing  w ays; (i) it is m ore likely  to be b e tw een  the 
field -independen t, d ivergen t, and the ach iever or cu rious learn in g  sty les
(ii) and it is m ore likely  to be betw een the fie ld -d ep en d en t, co n v e rg en t, 
and the conscien tious or social learning styles. H ow ever, m ore  than  one 
overlapp ing  m otivational pa tte rn  is quite possib le  w ith  bo th  the  g ro u p s
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(i,ii).
(f)  In the  ach ievem en ts for the h ighest m ean scores in the m in i-p ro jec ts ; 
firstly , the fie ld -independen t pupils obtained h igher m ean scores than the 
f ie ld -d e p en d en t pupils. S econd ly , the d iv e rg e n t p u p ils  a lso  o b ta in ed  
h ig h e r m ean  scores than the co n v erg en t pup ils . F in a lly , the ach iev e r 
p u p ils  o b ta in ed  the h ig h est m ean scores co m p ared  to th e ir  co lleag u es  
with o ther m otivational patterns. The curious pupils ach ieved  w ell too and  
fo llo w ed  the cu rious in the com petition  for the b est ach iev em en t. T he  
co n sc ien tio u s  and social pupils ach ieved  sim ilarly  in the m in i-p ro jec ts . 
T hey  ob ta ined  a lm ost the sam e m ean scores. T h is  co u ld  be due to th e ir 
m otivational patterns w hich significantly overlapped  betw een  them  as w as 
seen in the present study.
( g ) F ive hypo theses w ere p roposed  and then tested  la te r in the p resen t study 
re la te d  to  the in flu en c e  o f  v a rio u s  lea rn in g  s ty le s  on  th e  p u p ils ' 
achievem ents in m ini-projects.
1 - T h e  v e r if ic a t io n  o f  h y p o th e s is  (1 ):  It w a s  fo u n d  th a t  f ie ld -
d e p e n d e n t /d iv e rg e n t  p u p ils  c o u ld  a c h ie v e  b e t te r  th a n  f ie ld -  
dependent/convergent pupils in the m ini-projects.
2 - T h e  v e rif ic a tio n  o f h yp o th e s is  (2): It w as a lso  fo u n d  th a t the fie ld -
independent/d ivergent pupils w ho are achiever or cu rio u s ob tained  h igher 
scores in m ini-projects than the field -independen t/convergen t pup ils who 
belong to any m otivational pattern.
3 - T he verification  o f hypothesis (3): In general, f ie ld -in d ep en d en t/d iv erg en t
p u p ils  a re  m ore  ab le  than  f ie ld - in d e p e n d e n t/c o n v e rg e n t p u p ils  in 
perfo rm ing  the m ini-projects and in obtaining the h ighest m ean scores.
4 - T he  verifica tion  o f hypothesis (4): The co n v erg en t p u p ils  w ho are fie ld -
independen t w ere found to be m ore able than their co n v e rg en t co lleagues
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who are field-dependent pupils in achievem ents in the mini-projects.
5 - The v erifica tio n  o f h ypo thesis (5): It w as also  fo u n d  that the d iv e rg en t 
pupils w ho are fie ld -independen t cou ld  achieve better than  the d iv erg en t 
pupils in the m in i-pro jects who are f ie ld -d ep en d en t T hese hyp o th eses  are 
d isp layed  in figure 8.1.
(h)  T h e  p u p ils ' f ie ld -d e p e n d e n c e , f ie ld - in d e p e n d e n c e , c o n v e rg e n c e , 
d ivergence and m otivation  are very im portant and m ay play a v ital role in 
prob lem -so lv ing  p rocedures, particu larly , in tasks w hich  h av e  d isco v ery  
fea tu res in their natu re  and w hich dem and  p ecu lia r ab ilitie s  o f  pupils. 
H ow ever, it w as found that the fie ld -dependen t/fie ld -independen t th inking 
s ty le s  a re  m o re  e f fe c tiv e  th an  th e  o th e r  tw o  f a c to r s  ( th e  
co n v erg en ce/d iv erg en ce  and m otivation) in tack ling  such p ro b lem s. T he 
m o tiv a tio n a l p re fe ren ces  o f pup ils  fea tu red  as seco n d  in im p o rtan ce  
a c c o rd in g  to  th e  re s u lts  w h ich  e m e rg e d  in  th e  th e s is .  T h e  
convergent/d ivergent thinking styles appeared to be in th ird  p lace.
( i ) If the g roups o f pup ils (each group being  m easu red  acco rd in g  to all the 
p sy ch o lo g ica l fac to rs  involved  in the study) w ere  a rray ed  in a lis t in 
a c co rd an ce  w ith  th e ir  ach iev em en ts  in the m in i-p ro je c ts , the  f ie ld -  
independent/d ivergent/curious pupils group w ould  be listed  in first place. 
The field-independent/d ivergent/achiever pupils group w ould  be located in 
the second  one, w hile  the f ie ld - in d e p en d en t/co n v e rg en t/cu rio u s  pupils 
group w ould  cap ture the third position. At the o ther end  o f  such a list, the 
field-dependent/convergent/conscien tious pupils group w ould  cap tu re  the 
bo ttom  p o sitio n  in  th e ir ach ievem ent in the m in i-p ro jec ts  (a lth o u g h  to 
m ake such  a llo ca tio n s  the fie ld -d e p e n d e n t/d iv e rg e n t/a c h ie v e r p u p ils  
should be neg lected  as such a grouping com prises o f only one pupil).
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Figure 8.1 T he deductions from the present study com pared with the original
hypotheses.
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(j) A n o th er array  m ay be v isualised  from  the research . If  the fou r m ean 
scores in each  ho rizon ta l and vertical co lum n o f the re search 's  various 
groups o f p u p ils  (as show n in tab le 7.11 or 7.12 in ch ap te r seven) w ere 
averaged , the h ig h est a tta inm en ts w ould be o b ta in ed  from  the cu rious 
pup ils  in the th ird  row  (average m ean scores o f the cu rio u s ' g ro u p s o f 
pup ils  is 11.00) and  w ould  be fo llow ed  by the a tta in m en ts  o f the field- 
independen t/d ivergen t pupils in the third colum n (average m ean scores o f 
the fie ld -in d ep en d en t/d iv erg en t groups o f pup ils is 10.23) . W hilst, the 
low est a tta inm ents w ould be obtained from  the consc ien tious pupils in the 
second  ro w  (av erag e  m ean scores o f the cu rio u s ' g ro u p s  o f p u p ils  is 
8 .24). In fact, the ach iev er p u p ils  w ith  th e ir v a r io u s  g ro u p s m ay be 
ex p ected  to ach ieve a superior m ean score but no one o f th is group w as 
found  to be fie ld -dependen t/convergen t or fie ld -in d ep en d en t/co n v erg en t 
w hich has com plicated  the average w orkings of this group. H ow ever, it is 
fa ir to m en tion  that this group is able to ach ieve very  w ell in the m in i­
projects.
(k) A m o d el em erg ed  from  the p resen t study (tab le  7 .1 2 ) co n ce rn in g  the 
ex p e c ted  p e rfo rm an ce  o f pup ils w ith th e ir v a rio u s  lea rn in g  sty les in 
p ra c tic a l p ro b lem  so lv in g  in ch em istry . It seem s th a t som e o f  the 
psychological factors used in the study would enhance the ach ievem ent in 
the m in i-p ro jects , w hile others w ould lessen it. The fie ld -independen t and 
d ivergen t learning styles as well as being an achiever o r cu rious w ould  all 
be considered  capable o f enhancing the achievem ent in m in i-pro jects. On 
the con trary , the fie ld-dependent and convergent learn ing  styles as w ell as 
b e ing  a c o n sc ie n tio u s  or social w ould  all be co n s id e red  cap ab le  o f 
d im in ish in g  the ach ievem ent in m ini-pro jects. T h erefo re , the m odel has 
su g g es ted  p o s itiv e  arrow s (to the righ t) fo r h av in g  p o sitiv e  fa c to rs
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(en h an c in g  factors) and negative arrow s (to the left) for having  negative 
fa c to rs  (d im in ish in g  facto rs). W hen these a rro w s are in se rted  in the 
pup ils ' ach ievem ent table (table 7.11), they m ay ju stify  the pupils ' various 
lev e ls  in ach ievem en ts in the m in i-p ro jects . In general, th ree  positive  
a rro w s  w o u ld  be ex p ected  for the best ac h iev em en t such  as the one 
ob ta in ed  from  the field-independent/d ivergent/curious pupils (the h ighest 
m ean  score), w hile three negative arrow s w ould be expected  for the w orst 
a c h ie v em en t in m in i-p ro jects  such as the one ob ta ined  from  the field- 
dependent/convergent/conscien tious pupils (the low est m ean score).
8.2 Some Predictions from the Present Research’s Findings
T h e  research  has used practical p rob lem -so lv ing  in chem istry  (m in i-p ro jec ts) as 
the ch e m is try  body in the study. H ow ever, it could  be very  useful for this study and fo r 
g eneral ed u catio n al purposes to study the perform ances and achievem ents o f  the pupils 
in th is  sam ple  (w ith  their various learn ing  styles as d ea lt w ith during  the period  o f the 
s tu d y ) in th e o re tic a l ch em istry  (co n v en tio n a l ch em is try  ex am in a tio n s). T h is  m ay  
p ro v id e  teach e rs  and educato rs w ith a precise p ic tu re  o f  the e ffec tiv en ess  o f  v a rio u s 
learn in g  sty les on the pupils work in the classroom  as w ell as the laboratory.
A  n u m b e r o f  p red ic tio n s  co n cern in g  the re se a rc h e r’s sam ple  o f  p u p ils  a re  
th e re fo re  p o ss ib le  co n ce rn in g  th e ir  ex p e c ted  p e rfo rm an c es  in the c o n v e n tio n a l 
ch em is try  exam ina tions, as follows:
(a) T h e  field -independen t, d ivergen t and the ach iev er or cu rious p u p ils  are 
ex p ec ted  to achieve better than the fie ld -dependen t, co n v erg en t and the 
consc ien tious or social pupils in the conventional chem istry  exam inations. 
T h is  is due, o f course, to the pupils ' learn ing  attribu tes and  as p rescribed
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in the research.
(b)  It w as fo u n d  in hypo thesis one that fie ld -d ep en d en t/d iv e rg en t p u p ils  
a c h ie v e d  b e tte r than fie ld -d e p en d en t/co n v e rg en t p u p ils  in the m in i­
p ro jec ts . T hus, the research  an tic ipates that f ie ld -d ep en d en t/d iv e rg en t 
pupils cou ld  still achieve better than field -dependen t/convergen t pupils in 
the co n v en tio n a l chem istry  exam inations. T h eir d iv erg en t th ink ing  style 
m ay  q u a lify  th em  for h igh scores in the ch e m is try  ex a m in a tio n s , 
sp ec ific a lly , if such exam inations are op en -en d ed  o r dem an d in g  open  
im agination  and thinking (the picture could be reversed  in o ther particular 
sub jects, fo r exam ple, m athem atics).
( c )  A s an tic ip a ted  in hypothesis three, the fie ld -in d ep en d en t/d iv erg en t are  
b e tte r than the field -independen t/convergen t pup ils in the m in i-p ro jects. 
T h e  research  an ticipated  that these pupils in both g roups w ould  ach ieve 
s im ila r ly  in conven tional chem istry  ex am in a tio n s  b ecau se  th e ir fie ld - 
in d e p e n d e n t  th in k in g  s ty le  c o u ld  be m o re  e f fe c tiv e  than  th e  
co n v e rg en t/d iv e rg en t th ink ing  styles in ro u tin e  ex am in a tio n s  (w ithou t 
creativ ity ) w hich m ore often require recall processes.
( d )  In h y p o th e s is  four, the convergen t p u p ils  w ho are  f ie ld -in d ep en d en t 
ach iev ed  better in the m ini-projects than the co n v erg en t pup ils w ho are 
f ie ld -d ep en d en t. T he p resen t study p redic ts th a t the sam e p ictu re m ay 
be o b ta in ed  again  in the conven tional ch em istry  ex am in a tio n . T h is is 
because o f the high influence o f the field-independent thinking style on the 
perfo rm an ce  o f the convergent pupils.
( e )  T he  d iv e rg en t pupils who are fie ld -independen t ach ieved  better than the 
d iv e rg e n t pup ils  w ho are fie ld -dependen t (hy p o th esis  five) in the m in i­
p ro jec ts . It cou ld  be ex p ec ted  that the sam e th in g  w o u ld  o ccu r in 
p e rfo rm in g  conventional chem istry  exam inations, th is being  due to the
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sam e reason m entioned in (d).
8.3 Suggestions for Further Research
In any research  field, a researcher m ay find, at the end o f the day, m any q uestions 
have arisen  unexpected ly  from  the research. A discussion  of such q uestions and adv ice  
cou ld  be p ru d en t for education purposes:
(a) A s stated  in section 8.2, ano ther study m ay be ex trem ely  usefu l in o rd e r 
to com p reh en d  the influence o f  the various learning sty les w hich  have 
been  invo lved  in the p resen t research  on the p erfo rm ance  o f  pup ils  in 
conven tiona l chem istry  exam inations. The results o f such find ings co u ld  
have im portant im plications for classroom  procedure, involve a rew orking  
o f  teaching  m ethods and instructional procedures in chem istry.
(b) F u rth e r research  m ay w ell be p ertin en t on the invo lv em en t o f an o th er 
p sy ch o lo g ica l factor - the w ork ing  m em ory  capacity  factor. T his co u ld  
lead  a researcher to m ore findings about any selected sam ple fo r a study.
( c ) It cou ld  be very interesting to follow  the sam ple of the p resen t research  in 
schools to see their perform ance and progress in m ore advanced  chem istry' 
as w ell as in other subject areas.
(d)  C o u ld  it be useful to app ly  the sam e w ork  in o th er sc ience su b jec ts  
such as physics or biology?
(e)  C o u ld  it be th a t there are o th e r p sy ch o lo g ica l fa c to rs  in v o lv ed  in 
perfo rm ing  creative sorts o f practical problem -solving in chem istry?
(f) U ltim ate ly , the p resent research  has used a creative task  in ch em is try  
(M in i-P ro jects) to show  the achievem ents o f various pupils w ith various 
th in k in g  styles. It did not use the norm al practical ch em istry  ac tiv ities  
w hich  are already found in the school laboratory because such ac tiv ities
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are m ore often teacher-centred rather than pupil-centred. T herefo re , a new  
look  a t the chem istry  practical ac tiv itie s  in the schoo l lab o ra to ry  is 
essential for a fruitful learning of chem istry.
8.4 The Research's Message for the Educators
E v ery  p iece  o f research  in science education  o u gh t to d e liv e r a m essag e (s) to 
ed u c a to rs  o r teachers from  its findings. The p resen t research  conveys an ed u ca tio n a l 
m essag e  to the educato rs about w hat to do for better learn ing  processes in the schoo l's  
lab o ra to ry . T he  research 's  m essage concerns n o t on ly  the labora to ry  w ork  b u t m ay  
ex ten d  to include w hat to do fu rther for a better cu rricu lu m  in the secondary  sch o o ls  
p articu la rly  in S tandard  G rade Chem istry.
F irs t, a m essage could be derived  from  the research  on the em p h asis  fo r a b e tte r 
p rac tica l ac tiv ity  in the laboratory. The present p ractical w ork in the school's laboratory  
in v o lv e s  a c tiv it ie s  th a t are 'te a c h e r-d ire c te d ' an d  n o t 'p u p il-d ire c te d '.  In  th e  
c o n v e n tio n a l schoo l labora to ry , the pupils are o p era tin g  on ex p e rim en ts  w h ich  are 
d irec ted  by the teacher and w hich m ay not s tim ulate  the creativ ity  o f p up ils  fo r  the 
e n h a n c e m e n t and  p rom otion  o f  chem istry  learn ing . M oreover, th ese  e x p e rim e n ts  
so m e tim e s  have even  m ean ing less ob jectives fo r a b e tte r learn ing  o f ch e m is try  in 
schoo l.
T h u s, a new  technique o f adm inistering the experim ents in the school's labora to ry  
is re q u ire d  to  m ove such experim ents from  being  'teacher-cen tred ' in to  b e ing  'p up il- 
cen tred '. T h is, in fact, m ay lead to a review  of the chem istry  m aterials in v o lv ed  in the 
p ra c tic a l w o rk  such as the m anuals, lab notes and any  o ther re lev an t b o o k  fo r the 
ch em istry  experim ents.
S eco n d ly , ano ther m essage could be d irected  to the educators about the necessity  
fo r a b a lan ced  curriculum  in the Standard G rade w hich w ould provide learn ing  tasks to
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fit all o f  the categories o f pupils (the various learning styles studied in the research ) and 
to allow  them  all to achieve to the best o f their ability.
A t present, the curricu lum  prov ides p len ty  for the ach iever and the co n sc ien tio u s  
pup ils  and  m ay even favour the convergent over the d iv erg en t
T h ere fo re , a b alanced  cu rricu lu m  in the S tandard  G rade sh o u ld  p ro v id e ; (i) 
"co m fo rtab le"  converg ing  exp erien ces (ii) "challenging" creative  ex p e rien ce s  fo r the 
d iv erg e rs  (iii) and "social" experiences o f discussions.
T h e  p resen t S tandard  G rade course provides (i) and (iii) but needs (ii) to b eco m e 
b a lan ced  and m ore effective. In o ther w ords, a fresh look is needed  in the cu rricu lu m  
(chem istry  in particular) to construct som e sort of "challenging" creative exp erien ces for 
the d iv e rg e n t th ink ing  pup ils and  fo r the cu rio u s pupils. T he cu rricu lu m  w o u ld  then  
p ro v id e  learning experiences suitable for all types o f pupils.
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